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and ſo juſtly eſteemed, over the whole 
_ European Continent, as Evien's 3 


I. 1 was „EG a matter of ſurprize to 
me, that a Work ſo well known, . 


= to a German Princeſs, ſhould 1 never have 1 
made its way into our Iſland, in the lan- 


= guage of the Country. 


While Peterſ- 


7 burg, Berlin, Paris, nay, the capital of 
every petty German principality, was 
— profiting by the  Ingenious labours of 
PE amiable man, and acute Philoſo- 
5 pher, the name of Eulkx was a ſound | 


unknown to the ear of youth, in the : 


| Britiſh metropolis. I was mortified to 5 


reflect, that the ſpecious and ſeductive - 


5 productions of a Rouſſeau, and the pol 


. ſonous 


— — 


— — 
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vi PREFACE. 
ſonous effuſions of a Voltaire, ſhould be 

in the hands of fo many young men, T 
not to ſay young women, to the perver- 

— of the underſtanding, and the cor- 
- ruption of the moral principle, while the 


ſimple and uſeful inſtructions of the 
virtuous EvLss were — mentioned. 


1 frequently ſuggeſted the. idea of a 

; tranſlation to more than one literary 
5 friend, in whoſe ability for the taſk, I 

could. place greater confidence than in 5 

my own: but, not finding it under- 

taken, 1 determined, at length, to at - 
tempt it myſelf, with the ability 1 which | 

I had ; and, in doing this, I conſidered 

: myſelf : as Wange 4 meritorious ſervice 5 

to my country. | 


As foon as Providence had beſtowed — F 
on me the bleſſing of children, I felt it 
to be my ny to charge myſelf with . 


their 
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their inſtruction. How 1 have ſucceed 
ed, it becomes not me to ſay: but every 
day I live, the importance of early, and 
proper, culture, is more deeply impreſſed 


on my mind. There ſeems to be ſtill a 


de 72 ideratum towards completing : the plan 
of an uſeful education---ſomething that 


7 ſhall ſuggeſt, to the opening mind, ſuit- — 


| able ſubjects of thought, and aſſiſt it in 
f purſuing a ſimple train of reflection 
ſomething that ſhall convey knowledge - 
6, in the guiſe of amuſement ; that ſhall 
: not be impoſed as a taſk, but conferred 

as a favour. 5 

4 

The ſubjects of theſe Leiter and 
. the Author 8 method of treating them, : 
. ſeem, to me, much adapted to this pur- | 

poſe. With the aſſiſtance of a very mo- 
derate apparatus, they might conduct 
youth, of both ſexes, with equal delight . 
and emolument, to a very competent : 


a4 Knowledge 
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knowledge of natural philoſophy : very 


little previous elementary knowledge is 
neceſſary to a profitable peruſal of them, 


and that little _ be very cally ac- 


| quired. 


7 exaliduntle part of our common 
ſchool education, it is well known, con- 


fiſts of” the ſtudy of the elegant and 
amuſing poetical fictions of Antiquity. 
Without meaning to decry this, may I 
: not be permitted to hint, that it might 
l be of importance frequently to recall 
young minds from an ideal world, and 


its ideal inhabitants, to the real world, of 
which they are a part, and of which 1 
is a ſhame to be ignorant. Let Four : 


pupil, by all means, read the poets; let 


him read Ovid, and, after he has amuſed : 
himſelf with the golden a age of old Saturn, 

lead him out into the open firmament 

of heaven, and ſhew him the venerable = 


planet 


hs 8 
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planet of that name, coeval with time, 
yet ſhining with unimpaired luſtre, after 

revolutions of ages. Having - 
"= © admi iſtered the antidote that may repel 
dhe oiſon, which a diſplay of the lewd 
3 intrigues of a fabulous Jupiter, or Ve- 
, naturally inſtill; let him view, 
8 through the teleſcope, the two beautiful 
ſtars ſo called, emitting their chaſte and 
modeſt light to the unpolluted eye o 5 
ſober reaſon. When he has diverted 8 
- bimſelf with the transformation of a © 
lady into a bear, and that bear into A 
conſtellation, point out to him the hea- 
venly northern light, which never changes i 
dite place, and, with undeviating fidelity, 
conducts the mariner through the ſeas | 
of K hemiſphere. Let him accompany 
Phaeton to the palace of the ſun, and 
ſmile at beholding the adventurous boy 
mount the flaming chariot ; ; and then 
check his mirtn, — 5 to the glo- 


riou 8 
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— 


rious orb of day, travelling in the great- 
neſs of his ſtrength; not dragged round 
the earth by fiery- -footed ſteeds, but . 
wheeling world on world, each in his 
ſeveral orbit, around him, with irreſiſ- 


tible force. 


Why Wan not the 13 be taught the 
principle on which his kite flies? What 

more pleaſant amuſement can he have, | 
than to communicate to the needle the 
magnetic virtue, and to ſteer his courſe 
through the hazel grove, by a compaſs 

of his own conſtructing? Why not teach 


him to elicit the electric ſpark; and to: 


aſtoniſh and delight his ſiſters with the 


wonder 'S of the magie lantern? 


„ pen ae theſe letters for the in- 
Ge of $ young and ſenſible female, 
and in the ſame view that they were 
WW ritten, they are tranſlated, namely, the 
YNProve-. 
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improvement of the female mind ; an 
object of what importance to the world! 
I rejoice to think I have lived to ſee fe- 
male education conducted on a more 


: liberal and enlarged plan. T am old 


enough to remember the time, when 


well-born young women, even of the 
north, could ſpell their own language 
but very indifferently, and ſome, hardly 
read it with common decency; when 
the young lady 8 hand-writing preſented 
a medley of outlandiſh characters; and 
when a column of pounds, ſhillings, ; and 


pence, preſented a labyrinth, as inextri. 


cable as the extraction of the cube root. 
While the boys of the family 1 were con- 
| verſing with Virgil, perhaps with old 5 
Homer himſelf, the poor girls were con- 
demned to croſs- ſtitch, on a piece of 
= gauze-canvas, and to record their own 
age at the bottom of a . 


They 
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They are now treated as rational be- 
ings, and ſociety is already the better 
for it. And wherefore ſhould the terms 
female and phil fophy ſeem a ridiculous | 

combination? Wherefore preclude, to a 

woman, any ſource of knowledge to 

which her capacity, and condition in 

fe, entitle her to apply? It is cruel 
and ungenerous to expoſe the frivolity : 
of the ſex, after reducing it to the ne- 
ceſſity of being ſilly and frivolous. Cul- 
tivate a young woman' 8 underſtanding, 
and her perſon will become, even to her- 

ſelt, only a ſecondary concern ; let her i 
time be filled up, in the acquiſition of 
attainable and uſeful knowledge, and 
then ſhe will ceaſe to be a burden to 

hauerſelf and every body about her; make 

her acquainted with the world of nature, 
and the world of art will delude her no 
longer. 


The 
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The time, I truſt, is at hand, when 
the Letters of Evuzs, or ſome ſuch 
| book, will be daily on the breakfafting 
table, in the parlour of every Ke 

academy 1 in the kingdom; and when a 

young woman, while learning the uſeful 
arts of paſtry and plain-work, may like- 

| wiſe be acquainting herſelf with the 
phaſes of the moon, and the flux and 
reflux of the tides. And I am perſuaded | 
the may thrum on the guitar, or touch 
the keys of the harpſicord, much more 
agreeably both to herſelf and others, by 


© ſtudying a little the theory of ſound. © 


8 have but the means of this in her 
power; it will be at once ber fault, and 


her * if ſhe neglect it. 


is emitting: 4s Work, 1 "ODT TAY. 
_ lowed the laſt Paris Edition, given by _ 


Meſſrs. de Condorcet & de la Croix, mm 


1787, for the — of introducing the 
6 55555 
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They are now treated as rational be- 
ings, and ſociety i 18 already the better 
for it. And wherefore ſhould the terms 
female and phile Jophy ſeem a ridiculous 
combination : ? Wherefore preclude, to a 
woman, any ſource of knowledge to 

which her capacity, and condition in 
lfe, entitle her to apply? It is cruel 
and ungenerous to expoſe the frivolity 
of the ſex, after reducing it to the ne- 
ceſſity of being filly and frivolous. Cul- 5 
tivate a young woman's underſtanding, 5 
and her perſon will become, even to her- 
elf, only a ſecondary concern; let her 
time be filled up, in the acquiſition of 
attainable and uſeful knowledge, and 
: then ſhe will ceaſe to be a burden 20 --- 
herſelf and every body about her; maxe 
her acquainted with the world of nature, 
and the world of art will delude her no 
longer. 
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The time, I truſt, is at hand, when 
the Letters of Eurrx, or ſome ſuch 
book, will be daily on the breakfaſting h 
table, in the parlour of every female 
55 academy i in the kingdom; and when a 
young woman, while learning the uſeful 
arts of paſtry and plain-work, may like- 
| wiſe be acquainting herſelf with the 
phaſes of the moon, and the flux and 
reflux of the tides. And I am perſuaded 
ſhe may thrum on the guitar, or touch 5 
the keys of the harpſicord, much more 
agreeably both to herſelf and others, by 


ſtudying a little the theory of ſound. I 


have put the means of this in her 


power; it will be at once her fault, and 5 


1 her . if ſhe negleRt it it. 


10 i the Work, I have fol- 
lowed the laſt Paris Edition, given by 


Meſſrs. de Condorcet & de la Croix, in 


2 787, for the purpoſe of introducing the 
| uſeful 
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uſeful notes of theſe — but I 
have taken the liberty to reſtore, from 
the original edition, that of Mietau and 
Leipſic, in 1770, i which 
the French Editor had thought proper 
to ſuppreſs. To ſome notes of my own, 
I have added ſeveral others, furniſhed by. 
two ingenious friends, whoſe names 1 
am not at liberty to publiſh. The courſe 
of thirty-four years, of a ſcientific age, . 


5 muſt. have ſupplied | abundance of new _ 


facts and experiments, by which the 
Philoſophy of even a Evies may be cor- 
rected and improved. The tranſlated 
notes of the Paris Edition, 1 have, for 
the fake of diſtinction, marked with the 
8 characters F. E. and the original notes 
of this Edition, with the initials # ” 
And 1 think it my duty, in this place, 
to vindicate to our ingenious country- 
man, Mr. Dollond, the optician, the diſ- 
covery - of achromatic glaſſes for tele- 


ſcopes. 
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ſcopes, mentioned in the letters on di- 
optrics; for that gentleman is, in truth, 
the Author of this valuable! improve 
ment. ö 


I have had the illuſtrative Plates en- 
graved in a better ſtyle and manner, 
than French artiſts generally employ on 
e mathematical figures : : and to do credit 7 
to myſelf, not to ſay Eurxx, he appears, 
in his Engliſh dreſs, with every advan- 
tage which the ſtationer and printer 
could beſtow. : At the ſame time, in or- 


der to keep down the price as much as 


. poſlible, inſtead of dividing the Work 
into Three Volumes, as in all the foreign 

” editions, 1 have reduced mine to Tuo; 
as the diviſion is altogether indifferent 5 


to the lade 


It wok generally tabs to the 


N to know ſomething about the nan, 
e with 
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with whom he is converſing as an au- 
thor ; to gratify this curioſity, I have, 
likewiſe, given a tranſlation of the Elo- 
gium of Erk, read before the Aca- * 
demy of Sciences, and prefixed to M. 
de Condorcet“ 8 edition, becauſe it con- 
tains ſome intereſting traits of the cha- 
racter, and events of the life, of this di- 
ſtinguiſhed perſonage. But what i is the 
life of a literary, or ſcientific man, and 
where are we to find the hiſtory of it? 
In his works. Newron and Evizer are F 
their own beſt Biographers ; ; and the k = 
brary of every ſcholar in Europe exhi- = 
bits a never-dying repreſentation of 
what they were, and what they atchiev- — 
ed. We have hardly : a trace of Wren's F 
| perſonal and domeſtic habits ; but every | : 
ſtone of St. stephen s Walbrook, and of J 
St. Paul's, is inſcribed with his name, 
and tranſmits a memoir r of the Architect. ; 


The 
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1 he frequent, tireſome, courtly, ad- 
dreſs of, Your Hicunsss, except at the 
firſt ſetting out, I have entirely omitted; 
out of no diſreſpect to Princes, but be- 
cauſe it ſeemed, to me, a mere unneceſ- ; 
ay waſte of words, which only encum- 
ber, and disfigure, a work of ſcience. 
The Princeſs and her Inſtructor are both 
gone to that awful world, in which the = 
diſtinctions of the preſent, thoſe of vir- 
tue e are e for ever obliterated. 


As every | book 1 be as i 
in itſelf as poſſible, ' and this being deſ- 
tined to the uſe of the unlearned, I have 
| ſubjoined a gloſſary of the foreign and 

ſcientific words, which occur in the 
courſe of theſe Letters. Some will, Per- 

haps, think I may have ſwelled this be- 
yond the neceſſary ſize, and given an 
explanation of many terms already ſuf- 


ficiently underſtood. If this be an error, 
: b To eek it 


„„ FREFACE.- 
it is on the ſafe fide. I would rather 
inſert twenty words of this deſcription, 
than omit one with which an ordinary 


reader might be unacquainted, and his | 


- progreſs thereby retarded. And I well 
know, there is often a vague, and ob- 
ſcure, idea of words, floating in the 


brain, which a ſhort deſcription, or an 


: example, would Iinftantly | render preciſe — 
and diſtinct: and many young perſons | 


would, without heſitation, conſult a gloſ- F 
. fary, who might be afraid, or aſhamed, — 
or, rene. too yrond, to aſk a we | 


| Betbnal-Green Road, 
uf Jan. 179 5. 


2 
i 
Lad 
6 
oy 
Ol 
4 MF; 
4 
® 
# 
7 4 
l oy 
L * 
2 
by 
9 
4 


an 


ADVERTISEMENT. 


mY: 


THE FREN CH EDI TOR. 


— 


r Ca i A 7%: > A og E 
r n 5 7 % Pr. ED r J 2 2 R_s . 
5 whe 55 * = 2 1 *.* Ke: 1 5 : 5 : * Nh 2 1 Fes 4 r k » Os 1 7 ; 1 
> Fas, * þ 7 1 * * - Fes MX n E Y —» 1 1 * as 
« Tg 3 : 


HE Latte of Evunn to a German 
I Princeſs have acquired, over all Eu- 
rope, a celebrity, to which the reputation = 
the Author, the choice and importance of the 
; ſeveral ſubjects, and the clearneſs of elu- | 
_ cidation, juſtly entitle them. They have, 
deſervedly, been conſidered as a treaſury a 
ſcience, adapted to the purpoſes of every 
common ſeminary of learning. They may 
be ſtudied, to advantage, without much pre- 
vious elementary knowledge ; J they convey 
accurate ideas reſpecting a variety of objects, 
| highly: intereſting i in themſelves, or calculated 5 
to excite a Ieudable curioſity ; they inſpire "Wo 
proper taſte for the ſciences, and for that 
ſound philoſophy which, ſupported by ſcience, 
and never loſing ſight of her cautious, ſteady, 
methodical advinces; runs no riſk of perplex= _ 
ing, or —— — the attentive ſtudent. 


b 2 mm 3 : The 
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The ** e that can be paſſed, on 
theſe Letters, i is, now and then, a digreſſive de- 
tail, ſomewhat too tedious, on queltions rather 
foreign to the ſciences, and conſiderable inac- 
curacy in point of ſtyle. Without failing in the 
reſpect due to EuLkR, I thought myſelf at 
| liberty toomit ſome paſſages altogether, and to 
-_ corre the ſtyle of others. Few Readers, ſare- 
by, will be fo faſtidious, as to refuſe the admi- 
ration attached to the name of this illuſtrious 
man, for the ſake of ſome ſlight blemiſhes, 
in a work. of ſuch conifiderablle length. a 
genius, like his, which has ſignalized itſelf 
buy fo many important 33 can ſuffer 
no diminution of greatneſs, from his not hav- 
ing written a foreign language, with claſſical 5 
purity. A man, whoſe tranſcendent powers 
have aſtoniſhed and confounded even thoſe, . | 
| whom habits of profound reflection muſt have 
” rendered hard to pleaſe, reſpecting prodigies 
bott this ſort, is not leſs worthy of veneration, 
that he did not apply the whole force of his 
mind, to every object which preſented itſelf. 
It is of the laſt indifference to his glory, whe- 
ther theſe ſmall ſpecks are effaced, or ſuffered 
to remain. 
But the caſe is widely different, as to the 
perſons 
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perſons for whoſe uſe the peruſal of this 
work is particularly deſigned. It is of im- 
 portance for young people, whetherof France, 
or of any other country, to defer reading, till 
they thoroughly underſtand the language K 
books, in which the rules of that language 
may be frequently violated. And the youth - 
of the French nation muſt be cautioned | 
_ againſt turning into ridicule, a few uncouth 


expreſſions, which, in the hurry of compoſi- — 


tion, may have dropped from the pen of a 
man of genius. Reſpect for every thing 
which merits this appellation, is one of the 
ſentiments which education ought moſt 
powerfully to\inculcate, as it is one of the 
moſt infallible preſervatives againſt prejudice | 


of every kind, againſt the Iloflons of vanity | 


and ſelf-love, nay, againſt the paſſions which 2 
_ deprive us of the force neceſſary to our ap- 
proximation toward theſe objects of univerſal 
_ adrairation, ws „ . 
As to other retrenchments, they affect, P'Y 
moſt all of them, reflections which relate, 
lefs to the ſciences aud philoſophy, than to 
theology, and, frequently, even to the pecu- 


_ lar doctrines of that eccleſiaſtical communion —— 
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ADVERTISEMENT. 


aſſign a reaſon for omiſſions of this deſcription. 


1 have prefixed to this edition, the elogium 


of EvLER, read before the Academy of 


Sciences, omitting only ſome ſcientific de- 
tails, which might have appeared tedious to 
certain Readers. = 
As the Letters of EvLen contain nothing, 
on ſeveral queſtions, capable of intereſting 
the generality of mankind, I have made ſome 
additions, but without throw ing them into 
the form of letters. Thoſe publiſhed at the 
ſame time with this edition, have, for their only . 
= object, the calculation of probabilities. 1 took 
for granted, that perſons diſpoſed to give 
them a peruſal, muſt have already made a 
conſiderable progrels i in mathematical know- 
ledge. This branch of knowledge occupies, 
at preſent, and ever muſt, a diſtinguiſhed | 
place 1 in a courſe of liberal education. 1 it 
is not abſolutely impoſſible to do without it, 
5 in order to the attainment of accurate ideas 
in phyſics, and reſpecting the laws of the uni- 
verſe, and the calculations of probability, We 
ſhall, at leaſt, by the ſtudy of mathernatics, 
; fave much time and trouble, and acquire a 


habit ER 


in which EuLER lived. ; It 18 unneceſſary to 


- "= 
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habit of chinking and reaſonin g: on other ſub- 
jeets, with greater exactneſs. 
The idea which ſome have formed, of the 
difficulty of this ſcience, obſtructs the pro- 
greſs of knowledge, and is not founded in 
truth. There are few minds, unleſs a previ- 
ous education has already impreſſed falſe ideas, 
5 and a factitious delicacy, but what are capable 
of receiving the ideas neceſſary to mathema- 
tical combination, of acquiring the habit of 5 
purſuing them, and a reliſh for the ſimple 


ö truths which they preſent. As to the extra- 
=. ordinary powers which are deemed requiſite, 1 


venture to affirm, that there are few perſons, 

; even of moderate capacity, Who may not, by 

2, employing a little more time, and purſuing 8 
courſe ſomewhat 1 more deliberate, by entering 

more attentively into detail, and from fie 

” quently repeated applications, attain a degree 

of mathematical knowledge, far beyond what 


is really uſeful, nay, I add, neceſſary, t to all 
men n of liberal education, 
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ELOGIUM OF EULER. 


EONARD EULER, Prefident of the Ma- 
| thematical School, in the Academy of Pe- 
terſburg, and previouſly in that of Berlin; F ellow . 
of the Royal Society i in London; and of the Aca- 
demies of Turin, Liſbon and Bale; Foreign Aſſo- 
ciate of that of the Sciences, was born at Bile, 8 
April the 1 5th, 1707, being che ſon of Paul Euler 
5 and Margaret Brucker. 
> His father who, in 1708, ack the paſtoral 
charge of the village of Riechen, in the vicinity of 
Bile, was his firſt inſtructor; and he enjoyed, be- 
times, the pleaſure of contemplating the progreſs - 
of his ſon's expanding faculties, and dawning 
glory, a cordial ſo reviving to the heart of a pa- 
rent, advance under his own eye, and Sather 1 
ſtrength from his own aſſiduities. 
He had ſtudied mathematics under James Ber- 
nouilli. It is well known, that this celebrated ſcho- 
lar united to a great genius for the ſciences, a 
profound philoſophy, which is not always the com- 
panion of this genius, but which ſerves to give it 
5 a wider 
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a wider range, and to render its exertions more 


uſeful. In teaching, he endeavoured to impreſs 


on his pupils, that geometry is not a detached 
ſcience, but exhibited it to them as, ene, the 


baſis and the key- ſtone of all human knowledge; 
as the ſcience i in which the progreſs of the mind 


may be the moſt diſtinctly obſerved ; the ſcience, 


the cultivation of which exerciſes our faculties to 
the greateſt advantage, as giving to the under- 


ſtanding, at one and the ſame time, ſtrength and 
accuracy; finally, as a ſtudy equally valuable, 


irom the number and the variety of its applica- 


tions, and from its tendency to inure the ſtudent 
to a method of reaſoning, which may, afterwards, ” 
be ſucceſsfully employed, in the inveſtigation of 
every ſpecies of truth, and 28 a . in the cons 


duct of life. 


Paul Vuler, who had fully imbibed the principles 
of his maſter, inſtructed his ſon in the elements of : 
mathematics, though he had deſtined him, ulti- 


| mately, to the ſtudy of theology; ; and ſuch. was 


young EULER'S early profic iency, that on being 
ſent to the univerſity of Bale, he was deemed not 


unworthy of the attention, and particular inſtr uc- 


tions of John Bernouilli. Such was his application, 
and ſuch his happy diſpoſitions, as quickly to ſe- 
cure to him the friendſhip of Daniel and Nicolas 


Bernouilli, the pupils, and, by this time, the rivals 
of their father. - Nuys he had the felicity of getting 


into 
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into the good graces of the ſevere John Bernoulli 
himſelf, who carried his condeſcenſion fo far as to 
give him a private leſſon, once a week, in the 


view of removing any difficulties, which might oc- 


cur in the courſe of reading and ſtudy. EvL.eR 
employed the other days of the week, in ſuch a 
manner as would enable him to make the moſt of 
this diſtinguiſhed mark of fayour. 


This excellent method of proſecuting his ſtu- 


e preſerved opening genius from exhauſting its 
ſtrength, in combating inſuperable difficulties, and 
from wandering in unknown mazes, which it might 
attempt to unravel : it directed and ſeconded his 
on exertions; but, at the ſame time, laid him 

under the neceſſity of calling forth all his powers, 
Which, accordingly, received conſtant increaſe 
from an exerciſe proportioned to bis age, and to 
the progreſs i in knowledge which he had nir 


made. . 
But of this fngular ary be was ſoon de- 


T2 prived ; for ſcarcely had he attained the degree of 
Maſter of Arts, when his father, who intended 
him for his own ſucceſſor, enjoined him to ex- 
change the ſtudy of mathematics for that eee 
ology. Happily, the effect of this act of autho- 
rity was of ſhort duration. It proved no difficult 


matter to perſuade the father, that his ſon was deſ- 


1 tined to ſupply, to the learned world, the place of 


'F oba 
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John Bernouilli, and not to fink into the obſcure 

parſon of Riechen. 

An eſſay, compoſed by FvLER in his nineteenth 
year, on the maſting of ſhips, a ſubject propoſed 
by the Academy of Sciences, procured him, in 
1727, an addition to his academical honours, fo 
much the more reſpectable, that the youthful na- 
tive of the Alps could have derived no aſſiſtance 
from practical knowledge, and that he yielded the 
palm to Mr. Bonguer alone, an able geometrician, 

then at the zenith of his reputation, and, for ten 

| years before, profeſſor of bydrography i in a mari- 
; time my. 

About the ſame period, ELER ſtood candidate 
for a vacant chair in the univerſity of Bale: but it 
is fate, or chance, hat ſettles the diſpute between 
competitors for offices of this ſort, and, on this 

occaſion, it was unfavourable, 1 do not ſay to 
EvuLER, but to his country, which, a few days af- 
terward, loſt him for „ 5 

Two years before this, Daniel and Nicolas Ao; - 

nouilli had been invited to Ruſſia. EvLEx felt the 

ſincereſt regret at parting with the friends of his 
youth, and engaged them to promiſe their utmoſt 
exertions to procure him a ſimilar invitation, 
which he was eager to participate. This needs to 
excite no ſurprize. The ſplendor of the capital of 
a a vaſt empire, the glare diffuſing itſelf over the 
- purſuits of which it is the theatre, and over the 


very 


CC | . 


* 
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very perſons of its inhabitants, ſeems to confer a 
glory on them, capable of eaſily ſeducing a youth- 
ful imagination, and of dazzling the free, but 
poor and obſcure, citizen of a petty republic. 

The brothers, Bernouilli, were conſcientiouſly 
faithful to their promiſe, and exerted themſelves as 
| ftrenuouſly, to bring forward a competitor ſo for- 
midable, as ordinary men would have done to 
keep a rival out of fight. 

EvLex's journey, to Ruſſia, commenced wade 
auſpices the moſt melancholy and diſcouraging. 
It was not long before he received intelligence, 
that Nicolas Bernouilli had fallen a victim to the ſe- 
A verity of the climate ; and the very day he ſet foot 
on Ruſſian ground, Catharine I. paid the debt of 
nature. This event, at firſt, ſeemed to threaten 
the approaching diſſolution of the Academy, 
whoſe eſtabliſhment that Princeſs had juſt com- 
pleted, in compliance with the will of the deceaſed | 
Czar, her huſband. 
| Evurkn, at a prodigious diſtance from his na- 
tive country, deſtitute of the advantage which 
Daniel Bernouilli poſſeſſed, that of an illuſtrious 
and reſpected name, to prepare his way, formed 
the reſolution of entering into the Ruſſian marine 
ſervice. One of the admirals of Peter I. had al- 
ready promiſed to procure him a ſituation ; when, 
happily for geometry, the ſtorm, which lowered 
ever the ſciences, ſpent ütſelf. Daniel Bernouiliti = 
| retired 
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retired to his own country: EULER was declared 
Profeſſor of Geometry, and ſucceſſor to his illuſ- 
trious friend, in 1733. The ſame year he married 
a young lady of the name of Gſetl, a compatriot of 
his own, the daughter of a painter, whom Peter I. 
had brought with him to Rufſia, on rerbtning 
from his firſt voyage. 
From this time forward, to ofe Bacon's: expreſ- 
ſion, EVI ER felt that he had given hoſtages to 
fortune : and that the country, in which he could 
hope to form an eſtabliſhment for his family, was 
_ neceſſarily transformed into his native country. 
Born and educated in the boſom of a nation, all 
Whoſe governments preſerve, at leaſt, the appear- 
ance and the language of a republican conſtitu- 
tion; in which, notwithſtanding diſtinctions more 
real, than thoſe which ſeparate between the bigheſt | 
| ſlave of a deſpot, and the loweſt of his ſubjects, 
the forms of equality have always been ſcrupu- 
louſly obſerved ; ; in which the reſpect due to the 
laws extends to uſages the moſt indifferent, pro- 
vided they have the ſanction of antiquity, and of 
vulgar opinion: EuLEN found himſelf in a coun- 
try, where the Prince exerciſes unlimited autho- 
rity ; where the moſt ſacred law of abſolute go- 
vernments, that which regulates the ſucceſſion to 
the throne, was, at that time, uncertain, or treated 
with contempt where grandees, enſlaved to the 
ſovereign, rule, with a deſpotic ſway, over an en- 


ſlaved . 


. 
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ſlaved people; where, at the very moment, a vaſt 
empire, under the government of an ambitious, 
jealous, and cruel foreign deſpot, was enduring 
all the tyranny of the unrelenting Biren, and pre- 
ſenting a ſpectacle as terrifying as inſtructive, to 


men of letters, who had been enticed to ſeek, in 


Its boſom, glory, fortune, and the power of enjoy- 
ing, in perfect ſecurity, the calm delights of lite- 
rary reſearch. 
It is eaſier to conceive, than to . what 
muſt have been the feelings of EuL ER, bound to 
remain in ſuch a ſituation, by chains which it was 
impoſſible for him to burſt aſunder. To this cir- 
| cumſtance, however, we ate, perhaps, indebted 
for that unremitted application to literary purſuits, 
of which he then acquired the habit, and which 
became his only reſource, 1 ina capital, filled with 
the paraſites, or the enemies, of a violent Miniſter ; 
the former, intent on feeding and flattering his 
ſuſpicious temper; the latter, employed | in ſecur- 
ing themſelves from its ſanguinary effects. This 
had made ſo deep an impreſſion on the mind of 
Eur kn, that we find the races of it ſo late as 1 741, 
the year after Biren 8 fall, when tyranny had given 
; place to a government more mild and humane. At 
that period, he went from Peterſburg to Berlin, on 
the earneſt ſolicitation of the King of Pruſſia. He 


Was preſented to the Queen- -mother. This Prin- 


ceſs took great pleaſure in the converſation of en- 
lightened 
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lightened men : ſhe received them with that noble- 

familiarity which announces, in Princes, the ſenti- 
ment of a perſonal greatneſs, independent of rank 

and title, and which has become one of the cha- 
racteriſtic marks of that auguſt family. The Queen 
ok Pruſſia, however, could extract from EI EX 
monoſyllables only: ſhe taxed him with a timi- 
dity and reſerve, which the cordiality of his recep ; 
tion could not poſſibly have inſpired : Why, then, 
| will you not talk to me, ſaid the Queen? Becauſe, 
Madam, re plied he, I have juſt come from a country, 
Es where people are hanged, if they talk. 
Peeling myſelf now called upon to give ſome 
account of EvLer's immenſe ſcientific labours, 1 
ſhrink from the impoſſibility of following him in 
detail, of conveying any thing like an accurate 
idea of that multiplicity of diſcoveries, of new 
methods of inveſtigation, of ingenious views, dif. 
| fuſed over more than. thirty ſeparate publications, L 
and over near ſeven hundred memoirs, of which 
about two hundred, depoſited in the Academy of 
: Peterſburg, previous to his death, are deſtined to 
enrich, in their order, the future collections pub- 

liſhed by that learned body. 

But a particular character ſeems, to me, to di- 
ſtinguiſh EvLER from the other illuſtrious men 
who, in purſuing the ſame career, have attained a 
| glory which his has not eclipſed ; that character ; 
is, his baving embraced the mathematical ſciences 


in 
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in their univerſality ; his having brought to per- 
fection, one after another, the different parts; and, 
enriching the whole by important diſcoveries, his 
having produced a very beneficial revolution in 
the manner of treating them. I imagined, there- 
fore, that in ſketching a methollical repreſentation 5 
of the different branches of theſe ſciences, i in point- 5 
ing out the progre eſs of each, and the happy im- 


= provements to be aſcribed to the genius of Eul ER, 


I ſhould give, at leaſt as far as my ability per- 
mits, a juſter idea of this wonderful man, who, by 
uniting ſo many extraordinary talents, has pre- 
l a phenomenon, if the expreſſion may be al- 
lowed, of which the hiſtory of ſcience has, hither- 5 
to, furniſhed no example. 
Algebra had long been a ſcience of very 3 
«+ and application. The mode of conſidering the 
idea of magnitude, only in the higheſt degree of 
abſtraction of which the human mind is ſuſcep- 


tible; it's rigorouſly ſeparating from that idea 


every thing which, by employing imagination, 
might give ſome. ſupport, or repoſe, to the under- 
ſtanding; finally, the extreme generality of he 


figns which this ſcience makes uſe of, render it, 
in ſome meaſure, too foreign to our nature, too re- ry 


mote from ordinary conception, to admit of the 
mind's taking ex ttraordinary pleaſure in it, and of 
eaſily acquiring a habit of tracing its operations. 
The algebraic method is, apt to diſcourage even 

Vor. 4. = 3 perſons 
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perſons the moſt diſpoſed to abſtract ſpeeulation. 
If the object of purſuit be ever ſo little compli- 
eated, we are forced to loſe fight of it entirely, 
and to confine our whole attention to dry alge- 
| braic characters; the road i is fafe and ſure, but the 
point which is aimed at, and that from whence we 
took our departure, equally vaniſh from the eye of 
the geometrician; and it required no ſlight degree I 
of courage, to venture out of ſight of land, wich- 
out any other pilot than a recently diſcovered 

: ſcience. * Accordingly, on examining the works of 


the great geometricians of the laſt age, even of 


| thoſe to whom algebra is indebted. for the moſt 
important diſcoveries, we ſhall ſee how little they 


were accuſtomed to handle this very weapon, 85 


which has been brought to ſuch a ſtate of perfec- 
tion; and it is impoſſible to refuſe to EvLzs, the 
_ praiſe of having effected a revolution, which ren- | 
ders algebraic analyſis a mode of calculation mi- 
nous, univerſal, of general pplicatios, and of ealy SY 
acquiſition. 3 ; — 
| This, at certain epochs, when, after firenuous 
exertions, the mathematical ſciences ſcemed to 
have exhauſted all the reſources of genius, and to 
have reached the ne plus ultra of their career; all 
at once a new method of calculation is introduced, 
and the face of the ſcience is totally changed. We 
find it immediately, and with inconceivable rapi- 
dity, . the os of knowledge, by a ſo- 
lution 
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Jution of an incredible number of important pro- 


blems, which geometricians had not dared to at- 
tempt, intimidated by the difficulty, not to ſay 
the phyſical impoſſibility, of purſuing calculation 
to a real iſſue. Juſtice would, perhaps, demand, , 
in favour of the man who invented and introduced 
_ theſe methods, and who firſt taught their uſe and 
application, a ſhare in the glory of all thoſe who 
have practiſed them with ſucceſs ; he has, at leaſt, 
claims upon their gratitude, which cannot be con» 
reſted without a crime. py” 
Eur kx had neglected no part of e he 
has demonſtrated ſome of the theorems of Fermat, : 
= on indeterminate analyſis, and has diſcovered 
many others, no leſs curious, and of no leſs. difficult 
Sy inveſtigation. | The knight” s movements, in the 
game of cheſs, and different other problems of fitu- 
ation, have likewiſe excited his curioſity, and exer- 
ciſed his genius. Hie blended with reſearches the 
moſt important, amuſements of this ſort, fre- 
5 quently more difficult, but of little uſe either to the i 
progreſs of the ſcience itſelf, or to the applications 77 
| hitherto attempted. EvLer was too diſcreet, not 
to be ſenſible of the impropriety of devoting much ; 
| of his attention, to reſearches of mere curioſity ; 
but, at the ſame time, of a mind too enlarged, 
not to diſcern, that their inutility could only be 
momentaneous, and that the only means of ex- 


"i l 
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poling their inutility, was to attempt to unfold, 
and generalize, them. | 
The particular queſtions, which do not rich 
betonke to the regular body of mathematical ſcience, 
which do not enter into the applications of which 
it is ſuſceptible, ought not to be conſidered merely 
as the means of exerciſing the powers, and diſplay- 
ing the genius of the gzometrician : in cultivating : 
the ſciences, we, almoſt always, ſet out with at- 
taching ourſelves to ſome detached parts, in pre- 
ference; in proportion as ſucceſſive diſcoveries 
Ry multiply, the relations which unite the parts, gra- 
dually appear; ; and to the illumination, reſulting 
from this 1 union, we are moſt frequently indebted . 
for the great diſcoveries, which form a an era in the rs 
7 hiſtory of the human mind. De 
l hall: conclude. this brief e ee < 
| Nena s labours, on pure analyſis is, with obſerving, 5 
that it would be injuſt to limit its influence on 
the progreſs of mathematics, to the innumerable 
difcoveries with which his works abound. The 
communications which he has opened, between all 5 
the parts of a ſcience ſo extenſive; thoſe general 
views, which, ſometimes, he does not ſo much as 
indicate, but which cannot eſcape an attentive ob- 
ſerver ; the paths, whoſe entrance he has ſatisfied 
himſelf with clearing, by removing the firſt ob- 
ſtacles which oppoſed; theſe are ſo many more 
benefits conferred on the. ſphere of ſcience, and of 
which 
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which poſterity Will, undoubtedly, avail itſelf, 
while, perhaps, the hand which beſtowed them 
may be forgotten. 
Tbe treatiſe on mechanics, which EulER gare 
to the world in 1736, is the firſt great work M 
which analyſis has been applied to the ſcience of 
motion. The number of things, entirely new, 0 


; exhibited in a new light, which this book con- 


- rains, would have aſtoniſhed geometricians, had 
not EuLER already publiſhed, ſepara mn, 7 the 
ous part of it. 

In his endleſs labours, on the ſame ſcience, hs 

was ever faithful to analyſis, and the happy uſe he 


made of it, has, at laſt, procured for the e : 


method, a preference to every otber. 
The problem of vibrating chords, and all . 


which belong to the theory of ſound, or the laws 


f of the oſcillation of the air, bave been ſubjected to 
analyſis, by the new methods, with which he en- 


enriched the calculation of partial differences. A 


theory of the motion of fluids, founded on the 
ſame calculation, aſtoniſhed every one, by the 


clearneſs which he bas diffuſed over queſtions ſo : 


intricate, and the facility which he has communi- 
cated to modes of operation, founded on an ana- 


: lylis lo profound. 


All the problems of pbyſical- drome; trea af 
in the preſent age, have been reſolved, by the 
analytical method peculiar to EvuLErR. His cal 
culation of the perturbations of the earth's orbit, 
ee eee ene eee 5 and 
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and eſpecially his Theory of the moon, may be held 
up as models of the fimplicy, of the preciſion, to 
which this method may be carried; and, in read- 
ing this laſt work, we ſee, with no leſs aſtoniſh- 
ment, how far, a man of great genius, animated 
with a deſire of omitting nothing eſſential, on an 
important queſtion, has been able to carry the pa- 
tience and perſeverance of application. 
| | Aſtronomy employed only the geometric. me- 
thod : EuLER was ſenſible of every tbing which 
that ſcience had to expect from the aid of analyſis, 
and be demonſtrated it by examples which, imi- 
| tated ſince by men of ability and reputation, may. 
in t time, beſtow a new form on aſtronomy. 
He treated, in-all its extent, the naval ſcience; 8 
in an elaborate work, to which an intelligent ana- 
lyſis ſerves as baſis, and j in which queſtions of the 
greateſt difficulty, are ſubjected to this general 
and fertile method, which he underſtood lo well 
to create and to employ. He publiſhed, many 
years afterward, on the ſame ſubject, an elemen- 
tary abridgment of this treatiſe, containing, un- 
der the ſimpleſt form, every thing uſeful in prac- | 
tice, and neceſſary to be known by perſons who 
devote themſelves to the marine ſervice. This 
work, though deſigned by the Author, merely 
for che ſchools of the Ruſſian empire, procured 
for him a liberal gratification from the king 
of France, who judged, that labours benefi- | 
cial to » mankind, demanded the grateful acknow- | 


ledgments 
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ledgments of all Sovereigns, and who wiſhed to 
demonſtrate to Europe, from one extremity to 
another, that talents ſo rare, could neither be 
| overlooked, nor remain unrewarded. EvLER was 
abundantly ſenſible of the value of this mark of 
reſpect from a great Prince; and it derived an ad- 
ditional charm, in his eyes, from the hand through : 
which 1t was tranſmitted, that of Mr. Turgot, a 
miniſter univerſally reſpected for his talents, and 
his virtues; a man formed for commanding opi- 
nion, rather than following it, and whoſe ſuffrage, 
ever dictated by truth, and never by the deſire of 
attracting to himſelf the applauſe of the public, 2 
might be an acceptable piece of flattery, even to a 
wiſe man, too much accuſtomed to glory, t to be 
ſtill awake to the voice of fame. - 
In men ofa ſuperior genius, extreme amplieity 

of character may eaſily conſiſt with thoſe qualities : 
of mind, which moſt forcibly announce ability, 
and delicacy of feeling. EIER, accordingly, | 
. notwithſtanding that ſimplicity which never for- | 
ſook him, knew, however, to diſtinguiſh | with 1 
0 ſagacity, always indulgent, it is true, the homage 
. enlightened admiration, from that which vanity 
laviſhes on great men, to ſecure to itſelf, at leaſt, - 

_ the merit of enthuſiaſm. _ — 
FN dioptrical reſearches a are dad on an ana- 


fi lyſis leſs profound, and we are tempted to give him 
gedit f for 1 it, as being a kind of ſacrifice. The 


4 . different 
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different rays of which a ſolar ray is formed, ſubſiſt 
in the ſame medium of different refractions ; ſe- 
parated thus from adjacent rays, they appear ſingle, 

or leſs blended, and give the ſenſation of the co- 
lour proper to them. This refrangibility varies in 
different mediums, for every ray, and in con- 
formity to a law which 1s not the ſame with that 
of the mean refraction in theſe mediums. This 
{obſervation ſuggeſted. a belief, that two unequal 
. priſms,” and of different ſubſtances, combined, 
might divert a ray from its direction, without de- 
compounding it, or rather by replacing the ele- 
mentary rays, by refraction, | in a parallel direction. 
On the truth of this conjecture 1 might depend, in 
5 teleſcopes, the deſtruction of the iris, which co- 
lours objects viewed through | lenticular glaſſes. 
| Evten was convinced of the poſſibility of ſucceſs, 
. conformably to this metaphyſical idea, that if the 
. is compoſed of different hum oss, it is only in the 
vie of deſtroying the ec of the aberration of refran- 
5 gibility. The only thing r. quite, therefore, wy” 
an attempt to imitate the operation of nature, and 
he propoſed the means of xecution, according to 
a theory which he had forr eds His firſt eſſays in- 
duced naturaliſts to attend to an object which chey 
ſeemed to have neglected. Their experiments did 

not correſpond to EuLER's theory, but they cen- 
firmed the views he entertained, reſpecting the 
perfection of teleſcopes. And „inſtructed by theſe, 
= = 
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in the laws of diſperſion, in different mediums, he 
abandoned his firſt ideas, ſubjected to calculation 
the reſult of their experiments, and enriched diop- 
trics with analytical formules, ſimple, commodi- 
| ous, general, and applicable to inſtruments of 18 
* poſſible conſtruction. 
Me have, beſides, ſome effays of EvLER, on 
the general theory of light, the phenomena of 
Which he endeavoured to reconcile with the laws 
of the oſcillations of a fluid; becauſe the bypothe- - 
fis of the emiſſion of rays, in a ſtraight line, ap- 
peared, to him, to preſent inſurmountable difficul- 
dies. Tbe theory of the loadſtone, that of the pro- 
pagation of fire, the laws of the coheſion of bodies, 
and thoſe of friction, furniſhed him, likewiſe, with 5 
ſubjects of ingenious calculation, but, unfortunately, 
ſupported by hypotheſis, rather than by experiment. 
| The calculation of probabilities, and political 
arithmetic, were farther objects of his indefatigable 155 
applicttion. I ſhall, here, only mention his re- 
ſearches on bills of mortality, and the means of 
5 deducing them from phenomena, with greater ern 
actneſs; his method of ſtriking a medium, from : 
. the obſervations made ; ; his calculations, reſpecting 55 
the eſtabliſhment of a reverſionary fund, in the 
view of ſecuring. to widows, or orphans, either 8 
fixed ſum, or an annual revenue, payable after the 
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humane method, deviſed by philolophus geometri- 


cians, 


_ 


death of a huſband, or father; an ingenious and _ 
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cians, to connterbalance the moral evil reſulting 
from the ſettlement of life-annuities, and to con - 
vert, to the relief of families, the ſmalleſt ſavings, 
from the principal's daily earnings, or from the 
revenue of a commiſſion, a place, or a penſion. 
We have ſeen in the elogium of Daniel Ber. 
nouilli, that he had divided with EvLER alone, the 
glory of having carried off thirteen prizes, propoſed 
by the Academy of Sciences: : They often contended 
for the ſame object, and occupied the ſame ground; 


and the honour of triumph over a competitor was, 


nkewiſe, divided between them; but this rival- : 


: ſhip never encroached on the expreſſions of r 


| procal eſteem, | nor cooled the ardor of mutual 


friendſhip. On examining the ſubjeas, for which . 


the one or the other obtained the victory, we find 


5 5 chat ſucceſs depended, principally, on the charac- 


ter of talent peculiar 1 to each. When the queſtion 


5 required addreſs, in the manner of taking it Up, F 


a dexterous application of experiment, or new and 
| ingenious phyſical views, Daniel Bernouilli had tbe 
advantage : but did it preſent difficulties, which 


profound and accurate calculation could reſolve; 5 


wWas it neceſſary to create a new method of analyſis, 
victory declared for EIER. Were any one ſa 


. preſumptuous, as pretend to judge between chem, 8 


he would find that he had to pronounce, not be- 
tween two men, but between minds of a different 
genius, between two methods of employing genius. 


Wee I ſhould 
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1 ſhould have conveyed but à very ett 
idea of EVLER's fertility of invention, unleſs I add- 
ed to this faint ſketch of his labours, that there 
are very few ſubjects of 1 importance, once treated 
by him, that He did not retrace; nay, ſo far as to 
recompoſe his firſt work ſeveral times over. Some- 
times he ſubſtituted a direct, and analytical me- 
thod, in place of one more indirect; ſometimes he 


_ extended nis firſt ſolution, to a es which had, at 


firſt, eſcaped him; adding, almoſt always, new 


5 ; examples, which he knew how to ſelect with ſin- 


gular ſkill, among thoſe which Pn, or ſome 


uſeful obſervation, or curious remark. 


"The intention, merely, of giving to one of his 5 
productions a form more methodical, of rendering . 


it ſomewhat more luminous. of beſtowing onits \ 


5 . higher degree of ſimplicity, was, to him, motive 8 


| ſufficient for engaging in labours incredible. Ne- 5 
ver did geometrician write ſo much, and no one 


ever carried bis works to ſuch a height of perfec- . 


tion. When he publiſhed a memoir on a new 
: ſubject, he ſimply explained the track which he 


5 purſued; he pointed out to his pupils its intrica- 


cies and aberrations, and having, with ſcrupulous : 
exactneſs, made them accompany the progreſs of 
his own mind, in his firſt eſſays, he ſhewed them, 
afterwards, how he had been enabled to trace a 
ſiümpler path. It is evident, that he preferred the 
inſtruction of his diſciples, to the filly ſatisfaction 
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of dazzling them by his own ſuperiority ; and that 
he did not believe he had done enough for ſcience, 
unleſs he added, to the new truths with which he 
was enriching | it, a candid expoſition of the ideas 
which led to diſcovery. 
. On reading the life of a great man, whether it . 
8 be a conviction of the imperfection attached to 
frail humanity; whether it be, that the juſtice of 
which we are capable, does not riſe ſo high as in- 
duce us to ackowledge a ſuperiority, Jar which 
nothing can be an adequate compenſation; b G, 
finally, whether it be, that the idea of perfection 
in another, mortifies or humbles us, ſtill more 
2 than that of his greatneſs, but, ſome how or ano- 
ther, it ſeems neceflary for us to find out ſome 
weak part; we hunt after the diſcovery of a de- 5 
. fed 1 in him, which may reconcile us to ourſelves; 4 
and we are involuntarily diſpoſed to call in queſ- 
tion the impartiality of the Biographer, unleſs he 
: points out the weak part, unleſs he withdraws the : 
impertinent veil which conceals the defect. 
EuLER, ſometimes, appeared to be taken up 
with the mere pleaſure of calculation, and to con- 
ſider the point of mechanics, or phyſics, which he 
was examining, only as an occaſion of exerciſing 
his genius, and of following the bent of his reign- 
ing paſſion. Some of the learned have, accord- 
ingly, accuſed him of laviſhing his talent for Gal-—— 
culation „ ON 7 hypotheſes, or even on meta- 


Phyſica) - 
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1 he 


heb principles, of which he had not ot ſufficiently 
examined either the probability or the ſolidity. 


He has, likewiſe, been accuſed of depending too 


much on the reſources of calculation, and of havg 
ing neglected thoſe, with which he might have 
been ſupplied, by the examination of Thr very 


, queſtions which he propoſed to reſolve. 


We muſt admit, that the firſt of theſe charges 

is not, altogether, deſtitute of foundation. In 
EvLER, undoubtedly, the metaphyſician, or even 

the naturaliſt, was not ſo great as the geometri- 

cian ; | and we are conſtrained to regret, that in 
many parts of his works, thoſe, for inſtance, which : 
he compoſed on the naval ſcience, on artillery, 
have been of little uſe, except to the Progreſs of _ 


the. ſcience of calculation, 5 


But the ſecond charge appears, by n no means, ſo 
5 well founded. We obſerve, uniformly, through 
all the works of EULER, an unremitting effort to 
add to the riches of analyſis, to extend, and to i 
multiply the applications of it: at the ſame time 
that it appears to be his only inſtrument, we ſee 
: clearly, that it is his wiſh to make it univerſally i. 
The natural progreſs of the mathematical ſciences 
muſt have, in time, brought about this revolution ; "Wn, 
but he ſlaw it, if I may lay ſo, com pleted under his 
own eye: to his genius we are indebted for * 
and it has been the reward of all his exertions and 
diſcoveries, OT 


|| 
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diſcoveries. Accordingly, even when he appears 
| to be.miſapplying analyſis, and exhauſting all its 
ſecret ſtores, in reſolving a queſtion, of which a 
few reflections, foreign to calculation, would have 
given him an eaſy and ſimple ſolution, he was fre- 
quently only aiming at a demonſtration of the 
power and reſources of his art; and he merits for- 
giveneſs, at leaſt, if ſometimes, while he ſeemed 
taken up with another ſcience, it was ſtill to the 
: progreſs, and propagation of analyſis, that his at- 
tention was devoted; and the revolution which 
| this has effected in the world of ſcience, i is one of 
his firſt claims on the gratitude of mankind, and _ 
the faireſt title to glory. 5 
” thought myſelf obliged not to interrupt the 
5 detail of Eulers ſcientific purſuits, by 4 recital f 
dhe few, and ſimple, events of his life. 3 
Fle ſettled at Berlin in e. and remained 
there ge EO . 
The Princeſs d Anbali Pulls; x niece to Frederick ö 
e II. King of Pruffia, was deſirous of receiving from 
him, ſome leffons in natural philoſophy. "Theſe 
” leſſons have been publiſhed, under the title of. 
IETTERS TO A GERMAN PRINCESS, a work in- 
| eftimable, for the ſingularly clear light, in which 7 
he has diſplayed the moſt important truths of me- 
chanics, of Phyſical- aſtronomy, of optics, and of 
- the theory of ſound ; and for the ingenious views, — 


5 
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| lels ohiloſophical, but more ſage, than thoſe which 
have made Fontenelle's Plurality of Worlds, out- 
live the Syſtem of Vortices. 8 
The name of Eu LER, fo great in the ſphere of | 
' ſcience; the reſpectf ul idea attached to his works, 
employed. in unfolding all that is intricate, and 
abſtract, in analyſis, diffuſe a fingular charm over 


theſe letters, ſo ſimple, and fo eaſy. Thoſe who 


have not ſtudied mathematics, aſtoniſhed, perhaps 


5 flattered, at being able to underſtand a work of 


EvLen, will feel grateful to him, for having de- 

| ſcended to their level ; and theſe elementary de- 

tails of the ſciences, acquire a ſpecies of greatneſs, 
from their approximation to the glory, and the ge- 
nius, of the illuſtrious man who traced them. 

Ab King of Pruſſia employed EvrkR, in cal- 
culations reſpecting the coinage; on conſtructing 
the aqueduct e of Sans- Soucis ; ; on the formation of 
ſeveral navigable canals. \. That great prince had a 


mind too enlarged to believe, that extraor dinary 


talents, and profound knowledge, ever could be 
uſeleſs or dangerous qualities; ; and the felicity of 
= being able to do good, an advantage reſerved, by 
5 nature, for ignorance and mediocrity. ; 
In 17 30, EvLER made a Journey to Frankfort, 
20 receive his mother, then a widow, and to con- : 
. duct her to Berlin. He had the happineſs to pre- 
ſerve her till 1761. For eleven years, then, ſhe 
enjoyed the glory of her bighty diſtinguiſhed ſon, 


in 
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in the way that the maternal heart knows how to 
enjoy, and was ſtil] more happy, perhaps, in the 
tender and aſſiduous expreſſions of filial affect ion, 
the value of which that glory greatly enhanced. 
During his reſidence at Berlin, EULER, united 
to Mr. de Maupertuis by the ties of gratitude, 
; thought himſelf obliged to defened the principle 
of the leaft action, on which the Preſident of the 
academy of Pruſſia had founded the hope of a a re- 
putation ſo exalted. "The means which EvLts 
thought proper to uſe could hardly have been 
: employed by any other perſon but himſelf; it was. 
to reſolve, on this principle, ſeveral of the princi- 
pal, and moſt difficult, problems of mechanics. 
Thus, in the age of fable, the Gods vouchſafed 
to forge, for their favourite warriors, armour im- 
penetrable by all the blows of their enemies. It 
were to have been wiſhed, that EuLzs's gratitude 
had confined itſelf to a protection ſo noble, and ſo 
worthy of himſelf; but it cannot be denied, that . 
there is an infuſion of aſperity, rather too ſtrong, 
in. his replies to Kenig; and with ſorrow, we are 
5 conſtrained to recognize a great man, among the 
enemies of an unfortunate, and perſecuted ſcholar. 
Happily for EULER, the whole tenor of his life 
fhelters him from a more ſerious ſuſpicion. 
But for that implicity, that indifference to the 
voice of fame, which he uniformly manifeſted, = 
might have been ſuſpected, that the pleaſantries | 
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of an nantes partiſan of Kænig e 
which Voltaire himſelf has juſtly conſigned to obli- 
vion) had ſomewhat ſoured the temper of the 

5 gentle, and ſage geometrician; but if, on this oc- 

caſion, he is chargeable with a fault, it muſt be 

imputed ſolely to an exceſs of gratitude; and if 
once in his life he acted wrong, the motive, at 


leaſt, is reſpectable. 


The Ruſſian forces having, i in 1760, penetrated 
into the marches of Brandeburg, plundered a 
farm of EULER” s, near Charlottenburg: but Ge- 
: neral Tottleben had not come to make war on the 

| ſciences. | : Being informed of the loſs which Eu- 

LER had ſuſtained, he haſtened to repair "I by 
ordering payment far beyond the real value of the 


property, and having communicated to the Em- 


preſs Elizabeth, an account of this involuntary diſ- 
reſpect, ſhe was pleaſed to add a gratuity of four 
5 thouſand florins, to an indemnification already 2 
more than ſufficient. This anecdote i is not ſo. ä 
nerally known as it deſerves to be, while we 
quote, with enthuſiaſtic admiration, ſimilar actions 
tranſmitted to us from antiquity. Is not tbis dif- 
ference | in the judgments we form, a proof of the 
happy progreſs of the human ſpecies, which cer- 
dieain authors ſtill obſtinately perſevere | in denying, 
apparently to ſhun the imputation of havirg con- 


tributed to it? 
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EvuLER as a ftranger. Notwithſtanding his ab- 
ſence, part of his ſalary was always regularly paid; 


invitation to return to Peterſburg, he complied. 


mical calculation, for which other academicians 
demanded ſeveral months, but completed by him 
in a few days, brought on an indiſpofition, which 
iſſued 1 in the loſs of one of his eyes. He had rea- 
ſon to apprehend a total loſs of fight, if he conti- 
nued to expoſe himſelf in a climate, the influence 
"of which was unfavourable to his conſtitution. 


prehenſion; and if we reflect that, to Eux Ex, ſtudy 

was an excluſive paſſion, we ſhall readily conclude, 
that few examples of paternal 1 tenderneſs have more 
completely demonſtrated, that it is the moſt Power- 
ful, and the ſweeteſt of all our affections. 


mity which he foreſaw and dreaded: but happily 
-"— J0T himſelf, and for the ſciences, he preſerved ſtill | 
2 the faculty of diſtinguiſhing large characters traced 

on a ſlate with chalk. His ſons, his pupils, copied 
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The government of Ruſſia had never treated 


and in 1766, the Empreſs having given him an 


In 17 355 the exertion occaſioned by an aſtrono- 


The intereſt of his family got the better of this ap- 


A few years after, he was overtaken by the cala- 


his calculations; 1 wrote, as he dictated, the reſt of 


his memoirs; and if we may form a judgment of 


theſe from their number, and, frequently, from 
the genius transfuſed through them, it will appear _ 
abundantly 
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abundantly credible, that "IR che abſence ſtill 
more abſolute of all diſtraction, and from the new 
energy which this conſtrained recollection gave to 


all his faculties, he gained mote, both as to facility 
and means of labour, than he loft by a diminution 


of ſight. 


i Beſides, EULER, by the nature of bis genius, 
and his habits of life, had, even involuntarily, laid 
up for himſelf extraordinary ſupplies. On examin- | 

= al thoſe great analytical formules, ſo rare before 

his time, but ſo frequent ia his works, the com- 
| bination, and diſplay of which unite ſo much ſim- 

5 plicity and elegance, whoſe very form pleaſes the 5 
cuye as well as the mind, it will be evident, that 
they are not the reſult of a calculation traced on 

paper, but chat, produced entirely in the head, 
they are the creation of an imagination equally Vis. 


gorous and actire. 


There exiſt in analyſis, and Evinn greatly 
” multiplied their number, formules of A common, 
and almoſt daily application; ; he had them always 
es preſent to his mind, knew them by heart, repeated 8 
them in converſation; and Mr. d' Alembert, when 
he faw him at Berlin, was aſtoniſhed. at an effort 
of memory, which demonſtrated, that EuL er poſ- 


ſeſſed, at once, a ſtrength and a clearneſs of recol 
lection almoſt incredible. At length, his facility 


of calculation by the head was carried to ſuch a : 
44 e degree, 
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degree, as would exceed all belief, had not the 
| hiſtory of his labours accuſtomed us to prodigies. 
| He has been known, in the view of exerciſing his 
little , grandſon in the extraction of the ſquare | 
and cube roots, to have formed to himſelf the 
table of the ſix firſt powers of all numbers, from 
1 to 100, and to have preſerved it exactly i in his 
memory. Two of his pupils had calculated as far 
as to the ſeventeenth term of a convergent ſeries, 
abundantly complicated ; their reſults, though 
formed after a written calculation, differed one 
unit at the fiftieth figure: they communicated =? 
this difference to their maſter: EvLzz went over 
the whole calculation in his head, and his deciſion ; 
was found to be the true one. 
| From the time he loſt his ſight, his chief amuſe- 
ment was to make artificial magnets, and to give 
leſſons in the mathematics to one of his grand- 


children, who ſeemed to have a z promiſing diſpoſi- 1 


tion to that ſcience. 


He made a point of fill going occaſionally. w 


: the Academy, eſpecially if delicate circumſtances 
demanded his attendance, or when he deemed his 
preſence neceſſary to the maintenance of liberty. 
It is eaſy to conceive how much it is in the power 

of a perpetual preſident, appointed by the court, 

to diſturb the peace of an Academy, and how much, 

— ſuch a ſeminary has to appebend. from one, who, : 
not 
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not being elected from their own number, does 
not feel himſelf reſtrained even by a ſenſe of that 
| ſupport which his reputation needs from the ſuf- 
frages of his colleagues. How 1s 1t poſſible for 
men, employed ſolely in calm literary purſuits, and 
underſtanding no language but that of the ſciences, 
to defend themſelves in ſuch a caſe ; 5 eſpecially if, 
ſtrangers, unconnected, far from their country, 
they derive their whole ſupport from that govern- 
ment, to which they 1 would appeal for juſtice againſt 
an imperious preſident, hom that very govern- 
ment had placed over them. LE 
But there is a degree of glory, which Place — 
man beyond the reach of fear: it is, when all Eu- e 
rope would rouſe itſelf to reſent a perſonal | injury 
offered to a great man, that he can, without riſc, 
5 oppoſe to injuſtice the authority of his reputation, | 
and elevate, 1n ſupport of the ſciences, a voice 
which will make itſelf heard. EvLen, gentle, 
modeſt, as he was, was ſenſible of his power, and, 
: oftener than once, made a very happy uſe of it. 
. 1771, the city of Peterſburg ſuffered ſeverely 
” from a terrible conflagration: the flames had _ 
caught the houſe of EurER. One Peter Grimm, 
2 native of Bale, whoſe name well deſerves to be | 
- tranſmitted to poſteri ity, apprized of the danger of 
his illuſtrious compatriot, now blind and en- 
feebled, burſts. through the midit of the fire, 
— e 6 reaches 
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reaches his apartment, places him on his ſhoulders, 


and ſaves EuLER“'s life, at the hazard of his own. 


His library, his furniture was deſtroyed, but the 


zeal and exertions of Count Orloff preſerved his 
manuſcripts. The attention paid to this, at the 
height of a calamity ſo qreadful, is the moſt bo- 
nourable and flattering homage which public au- 
thority could have offered to ſcience. The houſe 
of EvuLER was one of the Empreſs s gifts to him; 


a fimilar act of munificence ſpeedily repaired the 
loſs. | 


He had, by his. firſt wiſe, thirteen "ihr, 


eight of whom died young. His three ſons ſur- 
vived him, but he had the misfortune to loſe both 
his daughters, the laſt year of his own life. Of 
thirty eight grand- children, twenty-ſix were living | 
mT Os the time of his death. In 1776 he entered a ſe- : 
cond time into the married ſtate, by eſpouſing a 
Miſs Gfelt, ſiſter to his firſt wife's father. He had 
ale ays retained all that ſimplicity « of manners, of 
which his father 5 houſe had ſet the example. A 
long as his ſight remained, he every evening col 
lected, to domeſtic devotion, his grand- children, | 
his domeſtics, and ſuch of his pupils as lodged in 
the houſe; he read to them a portion of Scrip- 
ture, and ſometimes N it with an ex- 
eg. + 


"He was of a "oy regions tur of T2 He — 


publiſied 
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publiſhed a new demonſtration of the exiſtence of 
God, and of the ſpirituality of the ſoul : this laſt 


| treatiſe has been admitted, as a ſtandard book, into 


ſeveral colleges of divinity. With ſcrupulous ex- 
actneſs he adhered to the religion of his country, 


which | is rigid Calviniſm : and it does not appear | 
| that, after the example of moſt ſcholars of the 
proteſtant perſuaſion, he ever took the liberty of 
adopting peculiar ideas, or of forming a ſyſtem of 


ns <4 for himſelf. 
His erudition was very extenſive, eſpecially i in 


= the hiſtory of mathematics. It | is alleged, that he 
had carried his curioſity ſo far as to acquire the 
: knowledge of the proceſſes and rules of aſtrology ; 
and that he had even made ſome applications E 
them. However, when, in 1740, he was com- 
En manded to calculate the nativity of Prince Iran, | 
he excuſed himſelf, by repreſenting that this was 
the proper buſineſs of Mr. Kraaf, in quality or 
| royal aſtronomer. Credulity of this ſort, which | 


we are aſtoniſhed to find, at ſo recent a period, i 
the Court of Ruſſia, prevailed, the age bes, 5 


all the Courts of Europe: thoſe of Aſia have not 
yet ſhaken off this abſurd yoke, and | it muſt be ac- 

knowledged, that if we except the common maxims 

of morality, there is no one truth which can boaſt _ 


of having been ſo generally adopted, and through 


ſuch a ſucceſſion of ages, as certain ridiculous, TY 


pernicious, errors. e 


vw — — — ö _ 1 2 


— 


Ivi ELOGIUM OF EULER, 


Eur ER had ſtudied almoſt every branch of phy- 
fics, anatomy, chemiſtry, botany ; but his ſuperio- 
rity in mathematics did not permit him to attach 
the ſlighteſt importance to his proficiency 1 in any 
other branch of ſcience, though it was ſuch, as 
might have induced a perſon, more ſuſceptible of 

| the flattery of ſelf love, to 8 to the title of an 
1 unive: fal ſcholar. 
mb ſtudy « of ancient literature, and of the learn 
ed languages, had formed part of his education: 2 
- he retained. a taſte for theſe to the end of life, 
and never forgot any thing he had once acquir- 
| ed; but he had neither time nor inclination ta 
: proſecute. farther his attainments in claſſic liter - 
ture. He had not ſo much as read the modern | 
poets, but knew the Eneid by heart. Eur Ex, 
however, did not loſe fi ight of the mathematics, 
even in reciting. the verſes of Virgil. Every thing 
ES concurred to preſent him with this darling oe 5 
of his thoughts, and we find among his works, an 
ingenious memoir, ona queſtion in mechanics, the 
firſt idea of hich, he tells us, was ſuggelled by « a 
e * of V irgil. 2 : 
I.it has been laid that, to men of great talents, 
the pleaſure of exertion is a reward ſtill more gra- 
- tifying than glory itſelf : were it neceſſary to prove 


this truth by examples, chat of EvLeR would put 
it bepond a doubt. 
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In his moſt profound diſcuſſions, with celebrated 
geometricians, he never betrayed the lighteſt 
ſymptom, which could excite a ſuſpicion, of his 
being actuated by motives of ſelf. love. He diſco- 
vered no eagerneſs to aſſert his title to the merit of 
his diſcoveries; and if any thing in his works was 
claimed as the diſcovery of another, he was at pains 
to repair che involuntary offence, even without en- 
1 quiring too ſ rupulouſly, whether rigid juſtice de- 
manded an abſolute renunciation. Did any one 
| pretend to have detected him in an error, if the 
charge was unfounded, he forgot it; if juſt, he 5 
corrected i it, without ſtopping to obſerve, =— X-; ; 
many caſes, the merit of thoſe who boaſted w— 
5 having made the detection, conſiſted wholly, i in an 
caſy application of the methods which he himſelf 
i had taught them, to theories, the greateſt difficul- 
= ties of which he had, before-hand, removed. 
Men of middling ability, almoſt always, endea- — 
vour to make themſelves of conſequence, by an 
affected ſeverity, proportional to the lofty idea 
i” which they wiſh to convey of their underſtanding, 1 
1 of their genius. Ine xorable to all eien, 
e above them, they give no quarter even to inferio- po 
rity; ſo that we are tempted to ſay, a ſecret con- 
ſciouſneſs ſhews them the neceſſity which they are 
under of lowering others. An inſtinctive emotion 
: engaged EvLEs, on the contrary, to celebrate ge- 
nius, 
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mus, * moment that its fr exertions had chal- 
lenged his attention, and without waiting till pub- 
lic opinion courted the ſanction of his uffrage. 


He has been known to employ his time, in re- 


Golving problems already ſolved, which was to pro- 
cure for him, at moſt, the inferior praiſe of greater 
elegance, or exactneſs of method; and this with 

the ſame ardor and perſeverance chat he could have 

| exerted | in the proſecution of a new truth, the diſ- 

covery of which might have brought him an in- 
creaſe of reputation. | Beſides, bad an ardent deſire 5 
of glory actually exiſted in his breaſt, it would 
have been impoſſible for him, ſuch was the frank- - 
neſs of his character, to conceal it's emotions. But 
the glory, which he was ſo little ſolicitous to pur- 
foe, ſought and found him out. The ſingular | „ 
tility of his genius was a firikiog phenomenon, 


even to perſons who were nat in a condition to 
5 underſtand his works. ; 


Though wholly devoted to geometry, ts repu- 5 


7; tation challenged the attention of men little verſed 
5 that ſcience ; and he appeared, in the eyes of 
all Europe, not only the firſt. of geometricians, : 
but a great man. It is the cuſtom i in Ruſſia to be- 
tow military titles, on men wholly unconnected 
with the ſervice. This is paying homage to a preju- 
dice which would repreſent the profeſſion of a ſol- 
= dier as the aoly: title to nobility, but the practice _ 


15, 


0 
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is, at the ſame time, a direct acknowledgment of 
its complete falſity Some of the Literati have even 


arrived at the rank of Major-General : Evie 


never had, and indeed never would have, any di- 
ſtinction . of this ſort; but what title, in the power 


of Princes to beſtow, could do honour to the name 
5 EuIER! 7 And then, regard for the preſervation of 
the natural rights of humanity, , Impoles, in ſome 


meaſure, the duty of ſetting the example of a ſage 


indifference to cheſe baubles of human vanity, fo £ 


childiſh, and yet 10 dangerous. 


Moſt of the Prigces of the North, to whom: he 
Was perſonally known, gave him marks of their : 
eſteem, or rather of veneration, which they could 
not with- hold fi om the union ofa virtue fo ſimple, _ 
with a genius ſo vaſt and elevated. When the 
Prince Royal of Pruſſia travelled to Peterſburg, 
he did not wait for a viſit from EvLER, but went 
firſt to his houſe, and paſſed ſome hours by the 
bed ſide of the venerable old man, holding his 
hands f in his own, with one of EULER” 4 grand- 5 
children i in his lap, whom early ſymptoms of a 
genius for geometry had rendered the Particular f 


object of paternal affection. 5 


All the noted mathematicians of the preſent day : 
are his pupils: there is no one of them who has 


not formed himſelf, by che ſtudy of his works, 


ho has not received from him the formules, the 


method 
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method which he employs ; who is not directed, 
and ſupported, by the genius of EvULEs, in his diſ- 
coveries. This honour he owes to the revolution 
effected in the mathematical ſciences, by ſubjecting 
all ro analyſis; to his indefatigable application, 
which has enabled him to embrace the whole ex- 
tent of theſe ſciences ; to the order in which he has 
arranged his great works 3 to the ſimplicity, to the 
5 elegance, of his formules; to the clearneſs of his 
methods and demonſtrations; and all this greatly — 
enhanced, by the multiplicity and the choice of 
his examples. Neither Newton, nor  Deſaartes, 5 
whole influence was once ſo powerful, has arrived 
at chis pitch of glory; : and hitherto, EvLER alone, . 
of geomerricians, | has poſſeſſed it entirely, and 
: without a rival. oe „„ 
But, as Profeſor, he has formed pupils, ir in a pe- 
culiar ſenſe his own. Among thele, we mention : 
his eldeſt ſon, whom the Academy of Scie ces 
elected to ſu pply his place, without any apprehen- 
| fion that this honourable ſucceſſion granted to the — 
name of ELER, as to that of Bernouilli, could ever 
become a dangerous precedent : a ſecond ſon, now 
by engaged i in the ſtudy of medicine, but who, in his 
youth, obtained from that Academy the prize pro- 
poſed for determining the alterations of the mean 
motion of the planets; Mr. Lexell, whoſe premature 
- death has juſt left a blank in the world of ſcience; 
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and, to mention no more, Mr. Fuſs, the youngeſt of: 
his ſcholars, and the companion of his laſt labours ; 
who, ſent from Bale to Eul ER by Danie! Bernou- 
illi, has, by his works, done credit to  Bernouill? 8 
recommendation, and EuLER 8 inſtructions, and 
who, after having paid public homage in the Aca- 
demy of Peterſburg, to his illuſtrious maſter, mar- 
fried his grand- daughter. 
Of ſixteen profeſſors belonging to the Academy 5 
of Peterſburg, eight had been formed by him; and 
all of them, well known from their productions, 5 
and decorated with academic honours, value them- 
1 ſelves on being able to add, to all the reſt, that of 
| diſciple to Eutin. — 
He had retained all bis facliy of of: 1 and, 
apparently, all his mental vigor: no decay ſeemed : 
to threaten the ſciences with the ſudden loſs of 
their great ornament. On the 7th of Septeiaber, ”y 
1783, after amuſing himſelf with calc lating ona 
ſlate, the laws of the aſcending motion air-bal- 
loons, the recent diſcovery of which wabd-then 
making a noiſe all over Europe, he dined with : 
Mr. Lexell and his family, talked of Her cells 
3 planet, and of the calculations which determine i To Wl 
orbit. A little after he called his grand- child, L 
and fell a playing with him as he drank tea, when 
ſuddenly, the pipe, which he held in bis hand, 
dropped from it, and he ceaſed to calcu] late and tod l 
breathe. — — — 
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N 4. 


Such was the end of one of the greateſt and | 


moſt extraordinary men ever produced by the hand 


of nature: a man whoſe genius was equally ca- 
pable of the greateſt efforts, and of the moſt un- 
wearied application; ; who multiplied his produc- | 


tions far beyond what could have been expected 


from powers merely human, and was, neverthe- 
lefs, original in every one ; whoſe head was inceſ- 
_ fantly employed, and his ſpirit always tranquil ; 
who, finally, by a deſtiny unfortunately too rare, 
united, and that deſervedly, a felicity hardly ever 
interrupted, to a glory which! no one ever diſputed ; 
with him. 

His death was cankderad's as a public 1015 even in 
the country whi ch he inhabited. The Academy of 
Peterſburg went into deep mourning for him, and 


_ voted a marble buſt of him, at their own expence, 
to be placed in their Aſſembly-Hall. An honour 


ſtill more diſtinguiſhed had already been conferred 
on him, by that learned body, i in his life. time. In 85 
an allegorical painting, a figure of Geometry is re- 


preſented leaning on a tablet, exhibiting mathe- 


matical calculations, and the characters inſcribed, 
by order of the Academy, , are the formules of his 


new theory of the moon. Thus, a country which, 


at the beginning of the preſent century, we con- 
- Gdered as ſcarcely emerged out of barbariſm, is 
become the inſtructor of the moſt enlightened na- 
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tions « "REDO M Sebi hiker: to the life of 
great men, and in embalming their memory: it is 
ſetting theſe nations an example, which ſome of © 
them may bluſh to refle&, that they have had the 
virtue neither to propoſe, nor to imitate. 
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A GERMAN. PRINCESS 


ON e $0BJECTS | IN 


PHYSICS AND PHILOSOPHY. 


& db,, or ku fone 
MADAM, 


HE Hope of W the honour to commu- . 
1 nicate, in perſon, to your Highneſs, my 
leſſons in Geometry, becoming more and more 
diſtant, which is a very ſenſible mortification to Te 
me, I feel myſelf impelled to ſupply perſonal | Ihe 
ſtruction by writing, as far as the nature of che 5 
objects can ol, nr „ „ 
I begin my attempt, by ating 7 you to * " 
Juſt idea of magnitude producing, as examples, the | 
Tmalleſt as well as the greateſt extenſions of matter 
actually diſcoverable i in the. ſyſtem of the Univerſe. . 
And firſt, it is neceſſary to fix on ſome one deter- : 


minate diviſion of meaſure, obvious to the ſenſes, 
— 55 


r e OE OE - 


1 LETTERS TO 


and of which we have an exact idea, that of a foot, 


2 * 


for inſtance. The quantity of this, once eſtabliſn- 
ed, and rendered familiar to the eye, will enable 
us to form the idea of every other quantity, as 
to length, great or ſmall; the former, by aſcer- 
taining how many feet! it contains; and the latter, 
by aſcertaining what part of a foot meaſures it. 
For, having the idea of a foot, we have that alſo 
of it's half, of i it's quarter, of it's twelfth part, de- - 
nominated an inch, of it's hundredth, and of i it's | 
thouſandth part; 3 which is ſo fmall as almoſt 1 
eſcape the ſight. But it is to be remarked, that 
there are animals, not of greater extenſion than . 
this laſt ſubdiviſion of a foot, which, however; are 
| compoſed of members through which the blood 
_ circulates, and which again contain other animals, | 
as diminutive compared to them, as they are com- 
pared to us. Hence it may be concluded that 
animals exifl, whoſe ſmallneſs eludes the i imagina- 
tion; and that theſe again are diviſible into parts 
r ſmaller. Thus, for example though 
the ten thouſandth part of a foot be too ſmall for 
fight, and, compared to us, ceaſes to be an object l 
of ſenſe, 1 it nevertheleſs furpaſles i in magnitude cer- — 
tain complete animals ; and muſt, to one of thoſe 
animals, were it endowed with che power of per 
ception, appear extremely great. 
Let us no- make the tranſition 3 theſe 
minute n in purſuing which the ming 1 18 


20 10 t, 
* 


8 | 
- 
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loft, to thoſe of the greateſt magnitude. You 
have the idea of a mile“; the diſtance from hence 
to Magdeburg is computed to be 18 miles Þ ; a 
mile contains 24,000: feet, and we employ it in 


meaſuring the diſtance of the different regions of 


the globe, in order to avoid numbers inconceiv= 


ably great, in our calculations, which muſt be the 


caſe if we uſed foot inſtead of mile. A mile, then, 


containing 24, ooo feet, when it is ſaid that Mag- 
deburg 1 is 18 miles from Berlin, the idea ! is much 
clearer, than if che diſtance of theſe two cities 
were ſaid to be 432,000 feet: A number ſo great 
| almoſt overwhelms the underſtanding, | Again, e 
we ſhall have a tolerably juſt idea of the magni- 
tude of the earth, when we are told that its ire 
cumference is about 5,400 miles. And the dia- 
metre being a ſtraight line paſſing through the 
centre, and terminating, in oppoſite directions, in 
the ſurface of the ſphere, which is the acknow- | 


ledged figure of the earth, for which reaſon alſo 
we give it the name of globe, the diameter of this 
lobe is calculated to be 1720 miles Z; and this is 


the meaſurement which we employ for determin- EE 


* © The . * is * to 45 miles s Engliſh nearly. 
1 About 83 Engliſh miles. ped 
1 About 7,920 Engliſh miles. The diameter of our earth i is 
really 7,954 Engliſh miles, its circumference 25,020. The mean 

diſtance of the moon is 240,000 miles, which ſcarcely exceeds 
the 400th part of the ſun's 5 mean diſtance, or 4 3,720, 000 miles. 
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ing the greateſt diſtances diſcoverable i in the hea- 


vens. Of all the heavenly bodies the moon is 
| neareſt to us, being diſtant only about 30 diame- 


ters of the earth, which amount to 51,600 miles,* 


or 1,238, 400, ooo feet; but the firſt computation, 
of 30 diameters of the earth, is the cleareſt idea. 
The ſun is about zoo times farther from us than i 
the moon; and when we fay his diſtance is 9 0 
diameters of the earth, we have a much clearer 
5 idea, than if it were expreſſed | in miles, or in feet. 


You know that the earth performs a revolution 


5 round the ſun ! in the ſpace of a year, but chat the 
: ſua remains fixed. Beſide the earth, there are five 
other ſimilar bodies, named planets, which revolve 
round the ſun; two of them at ſmaller diſtances, 
Mercury and Venus ; ; and three at greater, namely 
Mars, Jupiter and Saturn. All the other ſtars 
which we ſee, comets excepted, are called fixed ; — 
t and their diſtance from us is incomparably greater 
than that of the ſun. The diſtances are un- 

5 doubtedly very unequal, which | is the reaſon that 
ſome of theſe bodies appear greater than others. 
But the neareſt of them is, unqueſtionably, above 

5 5,000 times more diſtant than the ſun: Its diſtance 
from us, accordingly, exceeds 4 5,000,000 of times 
the earth's diameter, that is 77.400, ooo, ooo of 


miles +; and this again multiplied by 24,000 will 


A, About 237,360 miles Engliſh. 
| + 356,050, ooo, ooo miles Englith. _ ne; 
5 5 — | — = give 


. 
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give that prodigious diſtance expreſſed in feet. 
And this, after all, is the diſtance only of thoſe 
fixed ſtars which are the neareſt to us; the moſt 
remote, which we ſee, are perhaps a hundred times 
farther off. It is probable, at the ſame time, that 
all theſe ſtars taken together, conſtitute only a very 
ſmall part of the whole univerſe, relatively to 
which theſe prodigious diſtances are not greater 
than a grain of ſand compared to the earth. This 
immenſity i 18 the wörk of the Almighty, who vo. 
verns the greateſt bodies and the ſmalleſt. „ 


| Bolin 196 * 1760. . 


* This letter, in 1 original edition, that of Leipbg, 1770, = 
| is dated, Berlin, 19th. April, 1760, and concludes with theſe 
words, (which are with great propriety omitted by the philoſo- 

 phic French editor of the work, twenty-ſeven years afterwards) = 
and who is now crowning ewith ſucceſs the arms in which wwe are 

f deeply interefled., This is, no doubt, a dreadful 6 falling ” RE 

from the majeſty of the ſubject. Who cares now about the ſuc- - 

ceſs of the Pruſſian arms in 1760? But philoſophers, as well a8 

other men, are under the dominion of local and temporary cir- 2 

cumſtances. Frederick II. was then i in the zenith of his glory; : 

Euler was living at Berlin, and giving leſſons in philoſophy to 

the niece of that illuſtrious prince. Is it to be wondered, then, 
kühat he ſhould ſink for a moment into the courtier, and offer a 
e drachm of incenſe to a great lady; or, that a foul, ſo uniformly 
devout, ſhould acknowledge the providence of the Almighty! in a 
particular inſtance? _ 


bm 3 


. particular ſpecies of extenſion, and ſuſceptible of 


but it will be immediately affirmed, that the velo- = 


and to him who walks: but the difference evi- 
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LETT E R Zh 
07 Pelicity. 


LATTERING myſelf that your | Highneſs 

may be pleaſed to accept the continuation of. 
my inſtructions, a ſpecimen of which I tobk the 
liberty of preſenting to you in a former letter, 1 
proceed to unfold the idea of velocity, which is a 


increaſe and of diminution. When any ſubſtance 5 
" i tranſported, that is, when it paſſes from one 
place to another, we aſcribe to it a velocity. Tn 
. wo perſons, the one on Horſeback, the other on af 
et, proceed from Berlin to Magdeburg, we 5 
| have, i in both caſes, the idea of a certain velocity; | 


city of the former exceeds that of the latter. r 
queſtion, then, i % Wherein conſiſts the difference 1 
E which we obſerve between theſe ſeveral degrees of 

| velocity? 2 T he road 1 18 the ſame to him who rides, 8 


: dently lies in the time which each employs i in per- 
forming the ſame courſe. The velocity of the 
horſeman is the greater of the two, as he employs 
leſs time on the road from Berlin to Magdeburg; 
and the velocity of the other is leſs, becauſe he 
. employs more time in travelling the ſame diſ- 
tance. . 
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tance, Hence it is clear, that in order to form an 
accurate idea of velocity, we muſt attend at once 
to two kinds of quantity, namely, to the length of 
the road, and to the time employed. A body, 
therefore, which, in the ſame time, paſſes through 
double the ſpace which another body does, has 
double its velocity; 5 if, in the ſame time, it paſſes 
5 through thrice the diftance, it is ſaid to have 
thrice the velocity, and fo on. We ſhall compre- 
hend, then, the velocity of a body, when we are 
informed of the ſpace through which it paſſes, i in 
a certain quantity of time. In order to know the 


velocity of my pace, when I walk to Lytzow, 5 
have obſerved that I make 120 ſteps 1 in a minute, 
and one of my ſteps 18 equal to two. feet and a 
| half. My velocity, then, is ſuch, as to carry me 5 
300 feet in a minute, and a ſpace fixty times 


greater, or 18,000 feet in an hour, which, how- 
ever does not amount to a mile, for this, being 5 
24,000 feet, would require an hour and 20 mi- 


ee Were I, therefore, to walk from hence to 
1 Magdeburg, it would take exactly 24 hours. 5 


This conveys an accurate idea of the velocity witli wy 
which J am able to walk. Now it is eaſy to com- 
prehend what 1 18 meant by a greater or leſs velo- - 


city. For if a courier were to go from hence to 


eee, in 12 hours, his velocity would be 


* A village about a league from Berlin, 
B 85 


ſhe 


Juin 


the double of mine: if be went in eight hours, 

his velocity would be triple. We remark a very 
great difference in the degrees of velocity. The 

tortoiſe furniſhes an example of a velocity ex- 

tremely ſmall. If ſhe advances only one foot in a 

minute, her velocity i 18 300 times leſs than mine, 

for I advance 300 feet in the ſame time. We are 

285 likewiſe acquainted with velocities much greater. 

That of the wind admits of great variation. A 

moderate wind goes at the rate of 10 feet in a 

ſecond, or 600 feet in a minute; its velocity . 
therefore i Is the double of mine. A wind that runs 

20 feet in a ſecond, or 1200 ina minute, is rather 15 

1 ſtrong; and a wind which flies at the rate of 5o 

5 feet in a ſecond. is extremely violent, though OE 

3 velocity 18 only 10 times greater than mine, and 

vould take two hours and . four minutes to 

: blow from hence to Magdeburg. 5 
The velocity of ſound comes next, - which moves 

1000 feet* ina ſecond, and 60,000 1 in a minute. 

Bo © his velocity, therefore, is 200 times greater than 

chat of my pace; and were a cannon to be fired 85 

. Magdeburg, if the report could be heard at 
Berlin, it would arrive there in ſeven minutes. ; A 


1 * The velocity of ſound is s generally computed at 1,142 feet 
— each ſecond, but var ies with the elaſticity and denſity of the air: 
The earth tr ayels in her orbit 1,612,000 miles in the ſpace of 
24 hours, and, therefore, with a velocity more than 50 times 
greater than that of a cannon ball. Light moves 9 13 mil. 
lens of miles every minute. 


| cannon 
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cannon ball moves with nearly the ſame velocity ; 
but when the piece is loaded to the utmoſt, the 
ball is ſuppoſed capable of flying 2,000 feet in a 
| ſecond, or 120,000 in a minute. This velocity 
appears prodigious, though it is only 400 times 
1 greater than that of my pace in walkin g to Lytzow; 
it is, at the ſame time, the greateſt velocity known 
upon earth. But there are in the heavens velo- 


cities far greater, though their motion appears to 
be extremely deliberate. You know that the 


Ro earth turns round on its axis in 24 hours: every 
point of! its ſurface, then, under the equator, moves 


5,400 miles, * 1 in 24 hours, while I am able to get i 
through only 18 miles. * Its. velocity i is, accord- 


„ ingly, 300 times greater than mine, and leſs, not- 
. withſtanding, than the greateſt poſſible velocity of 
a cannon ball. The earth performs 1 Its rev olution 
| round the fun in the ſpace of a year, proceeding = 
"at the rate of 128,2 50 miles, in 24 hours. Its 


velocity, therefore, 1s 18 times more rapid than 5 


that of a cannon ball. The greateſt yelocity ” ö 


5 which we have any knowled ge is, undoubtedly, : that 

of light, which moves 2,000,000 of miles} every 
minute, and exceeds the velocity of a a cannon | ball, | 
- 400,000 times. n 


224 April, 1760. 


2 24840 Engliſh miles, Ha 4 About 8; Eogliſh. 2 
7. 589,950 Engliſh, : 9 9,200,000 miles Engliſh, 
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LETTER III. 
Of Sound, and its Felocity. 


\HE elucidations of the different degrees of 
4 velocity, which I have had the honour to 
lay before your Highneſs, carry me forward to the 
examination of ſound, or noiſe in general. It: 
| muſt be remarked, that a certain portion of time al- 
ways intervenes before ſound can reach our ears, 
and that this time is longer in proportion to our 

diſtance from the place where the ſound i 1s pro- | 


e duced; a ſecond of time being requilite to con- 5 


vey ſound 1000 feet. 5 
Wen a canncn is fired, thoſe who are at a 
diſtance do not hear the report for ſome time after 


8 they have ſeen the flaſh, Thoſe who are a mile, 1 55 
or 24, ooo feet, diſtant, hear not the report till 24 : 


ſeconds after they | ſaw the flame. ':You- muſt no 


_ doubt have frequently remarked, that the noiſe of 3 


| thunder reaches not the ear, for ſome time after Ss 
the lightning : and it is by this we are enabled __ 
calculate our diſtance from the place where the 


thunder 1s generated. It; for example, we ob- 
ſerve that 20 ſeconds i intervene between the flaſh 
and the thunder- clap, we may conclude that the 
feat of the, thunder is 20,000 feet diſtant, allowing - 
1000 feet of diſtance, for every fecond of time. 

This primary propetry- leads us to inquire, in 
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what ſound conſiſts? Whether its nature is ſimilar 
to that of ſmell, that is, whether ſound iſſues from 
the body which produces it, as ſmell is emitted 
from the flower, by filling the air with ſubtile ex- 
halations, proper to affe& our ſenſe of {melling. | 
This opinion was formerly entertained, but it is now 
Z demonſtrated, that from a bell ſtruck nothing 
proceeds that is conveyed to our ear, and that the 
body which produces ſound loſes no part of 1 its 
ſubſtance. When we look upon a bell that is 
ftruck, or the ſtring of an inſtrument when touch- 
ed, we perceive that theſe bodies are then in a 
ſtate of trembling, or agitation, by which all 


their parts, are affected; and that all bodies, 


ſuſceptible of ſuch an agitation of their parts, 
likewiſe produce ſound. Theſe ſhakings or vi- 


brations are viſible ! in the firing of an inftru- 


ment, when it is not too ſmall; the tenſe firing 
A C B paſſes alternately 1 into the fituation A MB 


5 an 4 A N B. {See plate 7. . 1. in 20 hic h 7; have 


repreſented theſe vibrations much more obvious to ſenſe 3 


than they are in att J- It muſt be further obſerved, e 
that theſe vibrations put the adjacent air into a 
ſimilar vibration, which is ſucceſſively communi- 
| cated to the more remote parts of the air, till it 
come at length to ſtrike our organ of hearing. It 
is the air, then, which receives theſe vibrations, 
and which tranſmits the ſound to our car. Hence 
__ is evident, that the perception of ſound is no- 
EET thing | 
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thing elſe but the impreſſion made on our ear by 
the -concuſſion of the air, communicated to us 
through the organ of hearing ; and when we hear 
the ſound of a ſtring touched, our ear receives 
from the air as many ſtrokes as the ſtring performs 
vibrations in the ſame time. Thus, if the ſtring 
= performs 100 vibrations in a ſecond, the ear like- 
wiſe receives 100 ſtrokes in the ſame time; and 
the perception of theſe firokes is what we call 


- ſound. When theſe. ſtrokes ſucceed each other 


uniformly, or when their intervals are all equal, : 


the ſound is regular, and ſuch as is requiſite to 


muſic. But when the ſtrokes ſucceed unequally, 
or when their intervals are unequal. among them 
ſelves, an irregular noiſe, incompatible with muſic, 
zs the reſult. On conſidering ſomewhat more at- 
tentively the muſical ſounds, whoſe vibrations take 
place equally, I remark firſt, that when the vibra- 
tions, as well as the ſtrokes impreſſed on the ear, 
are more or leſs firong, no other difference of ſound 
reſults from it, but that of ſtronger or weaker, 
which produces the diſtinction, termed by mu- 


fcians, fort? & piano. But there is a difference 


much more eſſential, when the vibrations are more 
or leſs rapid, that 1 15, when more or fewer of them 
are performed in a ſecond. When one ſtring 
makes 100 vibrations in a ſecond, and another 
ſtring makes 200 vibrations in the ſame time, their 
ſounds are eſſentially different; the former is lower 


4 


ö 
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or more flat, and the other higher or more ſharp. 
ſharp ſounds, on which all mufic hinges, and 


. reſpect of flatneſs and ſharpneſs, but in ſuch a 
manner as to produce an agreeable harmony. In 


'S * makes nearly 100 vibrations in a ſecond; 


* The note E is that which is produced by touching the 


thickeſt ſtring of a a the note 5 is the fourth oftave 


uſual method of pricing muſic, , are 


1 
. — — 
— * — 
Mr. Euler ck the progreſſion of oAaves thus : I 
Es aft oe. 2d ee 34 octave. 4th „ae. 
. „ C 8 c 1 


68. A. B. or ve, mi, fa, ſol, la, f. 


„ Fs, BF H e 


©) 


Such is the real difference between the flat and 


which teaches how to combine ſounds different in 


the flat ſounds there are fewer vibrations in the 
ſame time than in the ſharp. ſounds; and every 
key of the harpfichord contains A certain and deter- 
minate number of vibrations, which are completed 
in a ſecond. Thus the note marked by the letter 


and the note marked © makes 1600 vibrations in 


of the firſt; accordingly, theſe two notes, repreſented by. the 


and in like manner as the other notes of the gamut; D. E r. 


In writing the chromatic ſcale, he employs the following ſigns: A 


u, ut X, Te, re A, — fa, 2 fol, Ft la, ft #5, wt... 
| the 
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the ſame ſpace of time. A ſtring which vibrates 
Faroe in a ſecond, wull give preciſely the note 


C; and if it vibrated only 50 times, the note 


would be lower or more flat. But with regard to 
our ear, there are certain limits beyond which 
found is no longer perceptible. It would appear 
that we are incapable of determining either the 
ſound of a ſtring. which makes leſs than 30 vibra- 
tions in a ſecond, becauſe it is too low ; or that of a 
_ firing which would make more than 7 552 in a 
ſecond, becauſe ſuch a note would be too high. 
26th Les I 760. 


LETTER 


IV. 


of 0 22 and Diſimance. : 


Reſume 1 my remark, that on hearing a ſimple 

' muſical ſound, our ear is ſtruck with a ſeries 
a ſtrokes equally diſtant from each other, the fre- 
quency and number of which, in a given ſpace of 5 
time, conſtitute the difference which ſubſiſts be- 
tween low notes and high: ſo that, the ſmaller - 
the number of lon or ſtrokes produced in 
a given time, ſay a ſecond, the lower we eſtimate 
that note; and the greater the number af ſuch vi- 
_ brations, the higher is the note, The perception | 


of a  fimple muſical ſound may, therefore, be com- 
pared 


A GERMAN PRINCESS. 15 


pared to a ſeries of dots equidiſtant from each 
other, ass. If the intervals between 
theſe dots be greater or ſmaller, the ſound pro- 
duced will be lower or higher. It cannot be 
doubted, that the perception of a ſimple ſound is 
ſomewhat ſimilar, or analogous, to the fight of 
ſuch a ſeries of dots equidiſtant from each other: we * 
are enabled thus to repreſent to the eye, what the 
ear perceives on hearing ſound. If the diſtances 
between the dots were not equal, or were theſe 
dots ſcattered about confuſedly, they would be a 
repreſentation of a confuſed noiſe, inconfi ſtent 
with harmony. This being laid down, let us con- 
ſider what effect two ſounds emitted at once, muſt 
| produce on the ear. Firſt, it is evident, that * 
two ſounds are equal, or if each performs the 
5 ſame number of vibrations in the ſame time, the 
ear will be affected in the very ſame manner as . 
a ſingle note; and, in muſic, theſe two notes are 
5 aid to be i in uniſon, which is the ſimpleſt accord: 
we mean by the term accord the blending i of two or 


more ſounds heard at once. But if two ſounds 


differ i in reſ ped of low and high, we ſhall perceive 
5 mixture of two ſeries of ftrokes, i in each of which 
the intervals are equal among themſelves, but 
greater in the one than in the other; the greater 
intervals correſponding to the lower note, and the 
ſmaller to the higher. This mixture, or this accord, 
of two notes, may be repreſented to the eyes by 
EEE | — 


Fj 
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two ferie of dots arranged on two lines AB and 
CD; 
74 4:4 2 6-5 $40 17: 
Wl WO os —V : 2 
IDOL» 6 g „„ 
1 4-3 8 7 8 1 . 8 


and in order to form a juſt idea of theſe two ſeries, 
uwe muſt have a clear perception of the order which 


ſubſiſts among them, or in other words, of the re- 


lation between the intervals of the one line and 
of the other. Having numbered and marked the 
dots of each line, and placed No. 1. under No. 1; 

thoſe marked with the figure 2, will not exactly = 
| correſpond, and full leſs thoſe marked 3 : but we 


find No. 11 exactly over No. 12: from which we 


diſcover that the higher note makes 12 vibrations, 
and the other only 11. If we had not affixed the 
figures, the eye would hardly have perceived this 
order; it is the ſame with the ear, which would | 
with much diffculty have traced it in the two 
notes which I have repreſented by two rows of 


dots. : But! in che following figure, 8 


you diſcover at the firſt glance that the upper line 

contains twice as many dots as the under, or that | 
the intervals in the under line are twice as great 

as thoſe of the upper. This) is ; undoubtedly, next 


to 


'.. 
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to uniſon, the ſimapleſt of all caſes, in which vou 
can at once diſcover the order which ſubſiſts be- 


| tween theſe two ſeries of dots; and the ſame thing 


holds with reſpect to the two notes repreſented by 


theſe two lines of dats : : the number of vibrations 
contained in the one, will be preciſely the double 
of the vibrations contained in the other, and the 
ear will eaſily perceive the pleaſing relation of 


theſe two ſounds; whereas, in the preceding caſe, 


it was extremely difficult, if not impoſſible, to diſ- 
= criminate. When the ear readily diſcovers the * 
lation ſubſiſting between two notes, their accord i is 
N denominated conſonance: and if it be very difficult, 
or even impoſlible to catch this relation, the accord 
is termed diſſmance. The ſimpleſt conſonance, ; 
; then, i 18 that i in which the high note produces pre- 
ciſely twice as many vibrations as. the low note. 
This conſonance, in the language of muſic, is 
called oftave : every one knows what it means; 
and two notes which differ preciſely an octave, 


harmonize ſo perfectly, and poſſeſs ſuch a com- 


plete reſemblance, that muſicians mark them by | 
: . ſame letters. Hence i that in church- 5 
muſic the women fing an octave higher than the 
i, and yet imagine they are uttering the ſame 
| ſounds. You may eaſily aſcertain the truth of this, 
by touching the keys of a harpſichord, when you 


will perceive with pleaſure the delightful accord 
Vor. 1 3 — f 
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of all the notes which are juſt an octave diſtant, 


whereas any other two notes whatever, will ſtrike 
the ear leſs agrecably. | 


2986 April, 1760. 


| LETTER v. 


of Uniſon, and Ontaves, 


* 


ou Highneſs has by this time remarked, 8 
that the accord which muſicians call an 
ofiare, ſtrikes the ear in a manner 10 decided, 
that the ſlighteſt deviation 18 eafily perceptible. 
Thus, having touched the Key marked F, that 
marked f, which is an octave higher, is eafily at- 
tuned to it, by the judgment of the ear only. If 
the ſtring which 1 is to produce this note be ever ſo i 
little too N85 or too low, the ear is inſtantly of- : 
fended, and nothing is eaſier than to put the two 
keys perlectly in tune. Thus we obſerve, that! in 
ſinging, the voice ſlides eaſily from one note to 
another, which 1 18 juſt an octave higher or lower. 
But were it required to paſs immediately from the 
note F to the note d, for example, an ordinary - 
ſinger might eaſily fall into a miſtake, unleſs aſſiſted 
by an inſtrument. Having fixed the note F, it is 


TEE Ds almoſt impoſſible, all at once, to make the tranſi- 
tion 


this difference, that it is ſo eaſy to make note f 


note d accord with it? The reaſon is evident, 


N 


18 contained j in the ſecond. —F. E. 


A GERMAN PRINCESS. 19 


tion to the note d. What then is the reaſon of 
harmonize with note F, and ſo difficult to make 


from the remarks already made: it is this, that 
note F and note f make an octave, and that the 
; number of vibrations of note f, is preciſely double 
chat of note F. In order to have the perception . 
of this accord, you have only to conſider the pro- 
- portion of one to two, which, as 1t inſtantly ſtrikes - 
the eye, by the repreſentation of the dots I former- 80 


8 
080 1 — 
* — - 
a” cn coo 


ly employed, affects the ear in a ſimilar manner. 
Tou will eaſily comprehend, then, that the more 
ſimple any proportion is, or expreſſed. by ſmall 
numbers, the more diſtin&tly i it preſents? itſelf to 
the underſtanding, and conveys toita ſentiment | 
of ſatisfaction *. Architects, likewiſe, carefully 
attend to this maxim, as they uniformly employ 
in their works proportions as ſimple as circum- 
ſtances permit. They uſually make the height of 
doors and windows double the breadth, and 8 
5 deavour to employ, throughout, proportions capable : 
of being expreſſed by ſmall numbers, becauſe this 
is obvious and grateful to the underflanding. The 5 


Dk. In order to > have a clear conception of what follows, "Rk 

muſt be recollected, that the terms relation and ratio are ſynony- : 

mous, and that the author is here conſidering geometrical pro- 
| portion, „which conſiſts in the number of times that the firſt term 
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ſame thing holds good in muſic: accords are 
pleaſing only in ſo far as the mind perceives the 
relation ſubſiſting between the ſounds, and this 


relation is ſo much more eaſily perceptible, as it 
is expreſſed by ſmall numbers. Now, next to 
the relation of equality, which denotes two ſounds 1 
in uniſon, the ratio of two to one is undoubtedly 
| the moſt ſimple, and i it is this which furniſhes the 
: accord of an octave: hence 1 it 1s evident, that this 


accord poſſeſſes many advantages above every other : 


conſonance. Having thus explained the accord, 

8 or interval of two notes denominated by muſicians 

5 1 oclove, let us conſider ſeveral notes, as F, 1 
Th b each of which is an octave higher than - 
the one immediately preceding : ſince then the | 

5 interval of F from f, of f from 5; of 7 from 7 of 
: 7 from 5 is an octare, the interval of F to f - will 


by a double octave, that of F to 5 a triple octave, 


and that of F to b a quadruple octave. Now, 
while note F makes one vibration, not f makes 


two, note ? makes four, note F makes eight, and 


note f makes ſixteen: hence we ee, that as an 
octave correſponds in the relation of 1 to 2, a 5 
double octave muſt be in the ratio of 1 to 4, a 
triple, in that of x to 8, and a quadruple, in that 
of 1 to 16. And the ratio of 1 to 4, not being fo— 
ſimple as that of 1 to 2, for it does not fo readily 
ſtrike the eye, a double octave is not ſo eafily per- 
ceprible to the ear as a ſingle; a triple is ſtill leſs 


e 
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; perceptible, and a quadruple {till much leſs ſo. 
When, therefore, in runing a harpſichord, you 
have fixed the note F, it is not ſo eaſy to attune 


5 the double octave f as the ſingle f; ; it is hill more 
8 difficult to attune the triple octave r F and the qua- = 


druple 7 without riſing through the intermediate 

| octaves. Theſe accords are likewiſe comprehend- _ 
ed in the term conſonance ; and as that of uniſon 

is moſt ſimple, they may be arranged according 


to the following gradations : 35 


: L Degree, uniſon, indicated by the relation of 1 I to 1. 


: E i Degree, the immediate octave, in the ratio of 1 to 2. 5 


III. Degree, the double octave, 1 in that of 1 to * 

IV. Degree, the triple octave, in that of 1 to 8. 

5 £ Degree, the quadruple octave, in that of 1 to 16. 
VI. Tons the e e in that of 1 to Fd 5 


8 fo on, as long as 1 is ths Such 1 
are the accords denominated conſonances, to the 
knowledge of which we have been thus far con- 
ducted; but hitherto we know nothing of the 
other ſpecies of conſonance, and ill leſs of the 
diſſonances employed in muſic. Before 1 proceed 
tothe explication of theſe, 1 muſt add one remark 
reſpecting the name octave, given to the interval 
of two notes, the one of which contains twice the 
vibrations contained in, the other. vou ſee che 
reaſon of it in the principal ſtops of the harpſi- . 
chord, which riſe by ſeven — before you ar- 
8 hoteles rive 
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ws 


rive at the octave, C, D. E, F, G, A, B, c, ſo 


that ſtop c is the eighth, reckoning C the firſt. 
And this diviſion depends on a certain ſeries of 
muſical intervals, the nature of which ſhall be un- 
folded in the dd letters. 


34 May, I 760. 


LETTER VI. 


Off other Conſonances. 


| Ira may be affitmed, that the relations of 1 I to 2, 


of i to 4 of: 1 to 8, of 1 to 16, which we 


have hitherto conſidered, and which contain the 
ny progreſſion of octaves, are all formed by the num- 
ber 2 only; fince 4 is 2 times 2; 8, 2 times 43 
16, 2 times 8. Were we to admit, cherefore, the 
number 2 alone into muſic, we ſhould arrive at 
the knowledge of only the accords or conſonances " 
which muſicians call the ſingle, double, or triple - 
octave; and as the number 2, by! its reduplication, 
furniſhes only the numbers 4, 8, 16, 32, 64, the 
one being always double the preceding, all 
= other numbers would remain unknown. Now, 
did an inſtrument contain \oRtaves only, as the 


| notes marked C-- "Ca Z 2 = and were all others . 
excluded, it could not produce an agreeable muſic, 5 


on 


-.% 


on account of its too great 6mplicity. Let us in- 


the ſame time; This ratio is undoubtedly the 


| number 4. Now, the note expreſſed by 3 is that 


cauſe in the keys of a harpſichord that of g is the 

| fifih from c, as c, d, e, f, g. If then number 1 
produces the ſound . number 2 will give 41 
number 3 gives g, number 4 the note &; and 
n Note g̃ being the octave of g, the number correſ. 
1 ponding to it will be 2 times 3, or 6. Riſing Rill 
an octave, the found 5 8 will correſ] pod. to a num 
ber twice greater, that is 12. All the notes with 
: Which the two numbers 2 and 3 furniſh us, indi- 
: cating note C by P therefore are, 0 


'G c, g TEE 85 
1. 2. 33 4. ©. 8. 12. 16. 


0 m 
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troduce, then, together with number 2, the num 
ber 3 likewiſe, and obſerve what accords or con- 
ſonances would be the reſult. - The ratio of 1 to 3 

5 preſents at once two ſounds, the one of which 
makes 3 tunes more vibrations than the other in 


: moſt eaſily to be comprehended, next to that of 
1to2; it will, accordingly, furniſh very pleaſing 
cConſonances, but of a nature totally different from 
that of octaves. Let us ſuppoſe, then, that in the 
| proportion of 1 to 3» number 1 correſponds to 
note C; ſince note c is expreſſed by number 2, 
number 3 gives a ſound higher than c, but at the 
ſame time lower than note © which correſponds to 


to which muſicians affix the letter 8g. and they de- 
nominate the interval from c to g, 4 fifth, be- 


8 | Hence 
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Hence it is s clear, that the ratio of 1 to 3 ex- 


preſſes an interval, compounded of an octave and 
a fifth, and that this interval, on account of the 
; ſimplicity of the numbers which repreſent it, muſt 
be, next to the octave, the moſt grateful to the 


ear. Muſicians, accordingly, aſſign the ſecond 


rank among conſonances, to the fifth; and the 
ear catches it ſo eaſily, that there is no difficulty in 
tuning a fifth. For this reaſon, in violins, the 
four ſtrings riſe by fifths, the loweſt being g, the 
ſecond | 45 the third : 25 and the fourth 55 * and 
every muſician puts them in tune by the ear only. 
A fifth, however, is not ſo eaſily tuned as an oc- 
tave; but the fifth above the octave, as from © to 
8 being expreſſed by the proportion of 1 to 3, is 
more perceptible than a ſimple fifth, as from C to i 
G, or from c to g, which is expreſſed by.the pro- 
portion of 2 to 3: and it is likewiſe known by ex- 
perience, that having fixed the note C, it is eaſier 
to attune to it, the higher fifth 05 than the i imple 
G. If unity had marked the note F, number 3 
would mark the note c, ſo that, 5 


: Fx £ & 55 , . * would be 4 by 


1. 2. . 6. 8. 12. where, from t to c the 


interval | is a fifth in the relation of 2 to 3; from 
7 toc from ? to t are alſo fifths, as the ratio of 
4¹ to 6, and of 8 to 12, is the ſame as that of 2 to 


* That i in the abe of ft ring fol, re, la, mi. 
3. For 


3. For if two ſtrings perform, in the ſame time, 
the one 4 vibrations, the other 6, the former 
ſtring will make, in a time equal to half the firſt 
ſpace of time, two vibrations, and the ſecond, in 
the ſame time, will make three. Now, the ſounds 
emitted from theſe ſtrings are the ſame in both 
caſes; of conſequence the relation of 4 to 6 ex- 


Pecs the ſame interval as that of 2 to 3, that is, 
a fif h. Hence we bave arrived at the know- 


. ledge of another interval contained in the ratio of 
3 to 4, which is that of 7 to f and conſequently 
alſo of c to f, or of C to F. Muſicians call it @ 


fourth; and being expreſſed by greater numbers, 


it is not ſo agreeable, by a great deal, as the fifth, 

and ſtill leſs ſo than the octave. Number 3 hav- 
ing furniſhed us new accords or conſonances, 
namely the fifth and the fourth, before we call in 


any others, let us take it again three times, in or- 
| der to have the number 9, which will give a higher 
note than note 3 *, or 7 one octave and one fifth. 


Now, # 1s the ofthe of: 7, and * the fifch of = 


= 


i number, chen, gives che note 5 oF 0 that f „ 


will be marked by 5 6. 8. 9. 12 25 E 


1 


* Great care mull be taken to guard b from affxing 
to numbers the idea of a perfect identity, with the ſounds which 
they repreſent. The firſt expreſs only the relation of the num- 
ber of vibrations performed in the ſame time, by the bodies 
which emit the ſounds | in queſtion. T here is no real — 
between number and ſound. —F. E. 
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and if theſe notes be taken in the lower octaves, 
the relations remaing the ſame, we ſhall have : 


— 


E 6 fi a d N £5 e, 7; T5 e. 
n 16. 183 24, 32. 36; 48. 64. 72. 96. 
Vhich leads us to the knowledge of new intervals. 
+= "The firſt f is that of F to G, contained in the ratio 


"i of 8 to 9, which muſicians call a fecond or lone. 


| The ſecond is that of G to f, contained in the ratio 
of 9 to 16; called a ſevent th, and which is one ſe- 
cond, or one tone lefs than an octave. Theſe pro- 
portions, being already expreſſed by very great 

numbers, are not reckoned among the conſonances, 
and muſicians call them 4 /ſonances or diſcords. 
Again, if we take three times the number 9, or 
27, it will mark a tone higher than 7, and pre- 
; cifely a fifth higher that g; it will be accordingly 
the tone 4. and its octave q will correſpond to 
twice the number 27, or 54, and itsgdouble octave 


7 to twice the number 54s or 108. Let us repre- 5 
: {ent theſe tones ſome octaves lower, i in the manner 
£ following: —= 4 „ 5 
„ Ds F, 6 c, d, L g. „ 

24, 27, 3% 36; 48, 54, 64, 725. 96, 108, 


. — 
: wm 88 | — 


5 83 c, 1 2 2; 4 - 
128, 1445 192. 216, 256, 399 7 E 


Hence we ſee, that the interval from D to F is 
contained in the ratio of 27 to 32, and that of F 
to a. in the ratio of 32 to 54, the two terms of 


which 
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which are diviſible by 2; and then in place of this 
relation we have that of 16 to 27. The firſt in- 
terval is called a fierce minor, or leſſer third, and 
the other a greater % xth. The number 27 might 
be ſtill farther multiplied by 3, but muſic extends 
not ſo far, and we limit ourſelves to number 277 
reſulting from 3, multiplied three times by iiſelf: 

1 other muſical tones ſtill wanting, are introduced 
by means of number 5 and ſhall be unfolded in 


my next Letter. 
34 Moy, 108 


4, E T T E R vi. 
Of the twelve Tones of the Harp ord. 


HE preſent ſubject of my correſpondence opens 
with your. Highneſs 1 is ſo dry, that Ibegis 
to e it may be growing tireſome. » 4 
I may not waſte too much time on It, and be re- 
Heved from the neceſſity of recurring frequently 
to a topic ſo diſguſting, I ſend you, by this con- 
veyance, three letters at once. My i intention, in 
undertaking i it, was to render viſible the real origin 
of muſical notes, with which muſicians themſelves 
are almoſt totally unacquainted. It is not to 
theory they are indebted for the knowledge of all 
theſe ſounds; but rather to the ſecret power of 


genuine harmony, operating ſo efficaciouſly on 


their ears, that they haye been conſtrained, if 1 


may 
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may be allowed to ay it, to receive tones actually 
in uſe, though they are not hitherto perfectly 


agreed reſpecting their juſt determination. The 


principles of harmony are ultimately reducible to 
numbers“, as A have demonſtrated ; and it has 


been remarked, that the number 2 furniſhes oc- 
taves only, ſo that having fixed, for example, the 
note F, we are conducted to the notes 672 
The number 3 afterwards furniſhes F 
| which differ one fifth from the preceding ſeries ; 
2nd the repetition of this ſame number 3, furniſhes 


__ 111 m 


again the fifths of the firſt, namely G, ,, Tee 


and finally, the third repetition of this number J 
adds farther the notes D, 4, , 5, i. The prin- 
ciples of harmony, then, being attached to fimpli- 
City, ſeem to forbid our puſbing farther the repe- 
tition of number 33 hitherto, accordingly, we 
have 3 the following notes for each octave: 
F. G, e. & 3 
16. 19. 24. 27. 32. which certainly would not 
| furniſh a very copious muſic. But let us intro- 
| duce, i in addition to theſe, number ; and obſerve. 


This i is true only to a certain degree; for, if we except the 


knowledge of the relation of notes, or the numerical expreſſion 
of intervals, numbers cannot be introduced into muſic, | as Mr. 
d' Alembert has juſtly remarked, but as a piece of uſeleſs parade; 

and the ſcanty knowledge they furniſh is far ſhort of the theory 


of compoſition, which is founded on the pleaſure of the ear, 


and hitherto no one has attempted to ARE this en of cal- 


culation F. E. 
the 
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the tone which ſhall emit five vibrations while F 
emits only one. Now, f makes two vibrations in 


the lame time; f makes four ; and c C ſix. The 
note in queſtion, then, is between f and c C. It 1 is 
that which muſicians indicate by letter a, the ac- 


cord of which, with note 5 is denominated a 


greater third, and is found to produce a very” | 
agreeable concord, being expreſſed by the vey 


ſimple ratio of 4 to 5. Farther, note a with note C 


| produces an accord contained in the ratio of 5 to 
6, which is almoſt : as agreeable : as the former, and 
which 1 18 denominated a /eſſer third, repreſented by 
the ratio of 27 to 32, and its difference from the 
firſt is almoſt imperceptible to the ear. This ſame = 
number 5 being applied to the other notes G, "7 
will give us, in like manner, their greater thirds, 
taken i in the ſecond octave below, that is to fay, 
the notes b, 5 and op which, being tranſpoſed, . 
5 will give the following notes, with their correſ] ſpond- = 


ing numbers. 


F. 8 G. . B. C. d. E. = 
128. 135. 14. 160. 180. 192. 216. 240. 256. 
Take away the notes Fs, and you will have the 
principal touches of the harpſicord, which, ac- 
cording to the ancients, conſtitute the genus de- 
nominated diatonic, reſulting from number 2, from 


number 3, thrice repeated, and from number 5. 


Admitting theſe ſounds only, we are in a condi- 


tion to compole harmonies very agreeable and 
various, 
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various, the beauty of which is founded on the 
ſimplicity alone of the numbers correſponding to 
the notes. F nally, upon applying, a ſecond time, 
the number 5, we ſhall be furniſhed with the thirds 
of the four new tones, A, E, B, Fs, which we 
have juſt found, we ſhall have the notes Cs Gs 
Ds and B, ſo chat now the octave 1 is completed of 
the 12 tones, received in muſic. All theſe tones | 
derive their origin from the three numbers 2, 3, 
and 5, multiplying 4 by itſelf, as often as the 
octaves require; but we carry the multiplication 
of 3 only to the third ſtage, and of 5 to the ſecond. 
All the tones of the firſt octave are contained in 
the following table, in which you will ſee how the | 
fundamental numbers 2, 3, and 5, enter into the 


compoſition of thoſe which expreſs the relation of 5 
a thele notes. 5 
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ut or C12; 2; 2, 2, 2, 4 25 1 384 P 
ut * Sin 2,545 ++ + + 400 16 
e 92, , , 2, 3, 3,3—— 432 32 
5 re x Ds 2, 3, 3, 5, 5+ + + + » 450 18 
mi E 2, 2, 2, 2, 2, 3, 3. 480 30 
3 | 24 25 2, 2, 2, 2, 2, 4.0 512032 
fax Es 2, 2, 3, 3, 3, j 540 28 
oi 2,2, 2, 2, 2,2, 3, 3. «| 570| 30 
by ſol 2 Gs 2, 2, 2, 3. 5» S8 „ +600 24 
la A 2, 2, 5 2, 2, Gp 2 5 OY . | 640 | 40 - 
fi b Bb Jz 35 3 55 5 3 8 * 675 38 
| ſi n | By 2, 2, 2, 2, 3 35 357 5 » © 720 45 
ut © 2, 2, 2, 2, 2, 2, 2, 3,3. 768 48 
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| While note C makes 384 vibrations, the tone 
Cs gives 400, and the others as many as are mark 
ed by their correſponding numbers: note c will | 
give, then, in the ſame time, double the number 
of vibrations marked by 384, that is 768. And 


* for the following octaves, you have only to mul. 


tiply theſe numbers by 2, by 4, or by 8. Ac- 
cordingly, note c wil give twice 768, or i 536 W 
; brations, 1 note e c twice I 536, or 3072 vibrations, 


and note © twice 3072, or 6144 vibrations, In 
: order to comprehend the formation of ſounds, by--. 
means of theſe numbers 27 3 and . it muſt be 
remarked, tllat the points placed between the 


numbers i in the preceding table, ſignify that they 1 


are multiplied into each other; thus, taking the 


tone Fs, for example, the expreſſion 252, 35 3˙35 1 

5 ſignifies 2 multiplied by 2, that product by 3, tht 
again by 3, that again by 3, and that by 5. Now 2 by iow 
2 make 4, that by 3, make 122 that by 3 make 36, : 


that by 3. make 108, and that by 5, make 540. 


Hence! it is ſeen, chat the differences between theſe e 


tones are not equal 2 among themſelves; but that 


ſome are greater, and others leſs. This is what 5 


real harmony requires. The inequality, however, 
not being conſiderable, we commonly look on all 
theſe differences as equal, denominating the inter- 
val from one note to another, ſemitone; and thus, 
the octave is divided into 12 ſemi tones. Many 
modern muſicians make them equal, though this 
wh . Ee — 
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be contrary to the principles of harmony, becauſe 


no one fifth or third is perfectly exact, and the 


effect is the * as if theſe tones were not per- 
fectly in tune. They likewiſe admit, that we 
muſt give up e of accord, in order to ob- 
tain the advantage of equality of ſemitones, ſo 


5 that the rranſpoſition from any one tone whatever, 


to another, may in no reſpect injure the melody. 8 
They acknowledge, however, that the ſame piece 
played i in the tone C, or a half tone higher, that! „ 
Cs, muſt conſ derably affect it's nature. It is evi- 
dent, therefore, that in fact all ſemitones are not 


equal, whatever efforts may be made by muſicians 
to render them ſuch; becauſe true harmony reſiſts Le, 


the execution of a deſign contradictory to it's na- 
ture. Such, then, is the real origin of the muſical 
notes already in uſe; they are derived from the 
numbers 2, 3, and 5. Were we farther to intro- 
duce number 7, that of the tones of an octave 
would be increaſed, and the art of muſic carried 
. higher degree of perfection. But here, the 
Z mathematician wo up | the muſician to the direc- 
ion of his ear. . 
3d May, 1 
* The alteration thus forced upon the fifths, f in de that 1 
every key of. the harpſichord may ſerve equally for the higher 


note flattened, and for the lower ſharpened, and that, at the = 
end of the ſubdiviſion, the octaves may be exact, is called 


temperament. It has been remarked, that fifths may be a little 


weakened, without hurting the ear very much; whereas greater 
thirds become harſh and diſagreeable when they are ſtrengthened. 
_F E. 
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LETTER VII. 


bd the Pleafure derived Jem fine Mufic. 


1 queſtion, as important as curious, 
Whence is it, that a fine piece of muſic ex- 
cites a ſentiment of pleaſure ? The learned differ 
on this ſubject. Some pretend that it is mere ca- 
price, and that the pleaſure produced by muſic is 
not founded on reaſon, becauſe what is grateful to 
one is diſguſting to another. This, far from de- 
ciding the queſtion, renders 1 it only more compli- 7 
cated. The very point to be determined i is, Ho. . 
comes it, that the ſame piece of muſic produces — 
effects fo different, ſeeing all admit that nothing 
5 happens without reaſon ? Others maintain that de 
pleaſure derived from fine muſic, conſiſts in = 
perception of the order which pervades it. 5 This 1 
opinion appears at firſt sight, ſufficiently well 
founded, and merits a more attentive examination, a 
Muſic preſents objects of two kinds, in which or- TS 
der is eſſential. The one relates to the difference 3 
of the ſharp or flat tones; and you will recollect, : 
| that it conſiſts in the number of vibrations per- 
formed by each note in the ſame time. This dif- 
ference, which is perceptible between the quickneſs 


of the vibrations of all ſounds, 18 what 1 is properly = 
Vor. J. — called 
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called harmony. The effect of a piece of muſic, of 
which we feel the relations of the vibrations of all 
the notes that compoſe it; is the production of 
harmony. Thus, two notes which differ an octave, 
excite a perception of the relation of 1 to 2; a 
fifth, of that of 2 to 3; and a greater third, of 
that of 4 to 5. We comprehend then the order 
which | is found in harmouy, when we know all the 
relations which Pervade the notes of which it is 
compoſed, and-it is the perception of the ear which : 
leads to this knowledge. This perception more 
— Of leſs delicate, determines why the fame harmony 
zs felt by one, and not at all by another, eſpecially | 
when the relations of the notes are expreſſed by - 
ſomewhat greater numbers. Muſic contains, be- 
lde harmony, another object equally ſuſceptible 
: of order, namely the meaſure, by which we aſſign 
to every note a certain duration: and the percep- | 
tion of the meaſure conſiſts in the knowledge of - 
this duration, and of the relations which 1eſult 
from it. The drum and tymbal furniſh the ex · 
ample of a muſic in which meaſure alone takes 
pie, all the notes are equal among them- 
ſelres, and then there is no harmony. There i is 
likewiſe A muſic conſiſting wholly 1 in harmony, to 
the excluſion of meaſu ure. This muſic is the choral, : 
in which all the notes are of the ſame duration; ; 
but perfect muſic unites harmony and meaſure. 
Thus th e connoiſſeur who hears a piece of muſic, _ 
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and who comprehends, by the acute perception of 
his ear, all the proportions on which both the har- 
mony and the meaſure are founded, has certainly ” 
the moſt perfect knowledge poſlible of that muſic ; | 
while another, who perceives theſe proportions only 
in part, or not at all, underſtands nothing of the 
matter, or poſſeſſes, at moſt, a very ſlender 
5 knowledge of it. But the ſentiment of pleaſure 
excited by fine muſic, muſt not be confounded 
with the knowledge of which I have been ſpeak- 
ing, though it may be confidently affirmed, that a 
piece of muſic cannot produce any, unleſs the rela- 5 
tions of 1 it are perceived. For this know ledge alone 
is not ſufficient to excite the ſentiment of plea- 
ſure; ſomething more. is wanting, which no one 
hitherto has unfolded. In order to be convinced 
1 that the perception alone of all the portions of. a 
e G0. of muſic is inſufficient to produce pleaſure, 
you have only to conſider muſic of a very fimple 
conſtruction, | ſuch as goes in octaves alone, 8 
which the perception of proportions. is undoubt- 
edly the eaſieſt. Such muſic would be far from 
conveying Þ pleaſure, though you might have the 
moſt perfect knowledge of it. It will be ſaid then 5 
That pleaſure requires a knowledge not quite . 
eaſily attained, . knowledge that occaſions ſome 
trouble; which muſt, if! may uſe the expreſſion, 
| Coſt us ſomething. But, in my opinion, neither 
5 is this a ſatisfactory ſolution. A difſonance, the | 
2 2 —— relations 
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relations of which are expreſſed by the higheſt 
numbers, is caught with more difficulty; a ſeries 
of diffonances, however, following without choice, 


and without deſign, cannot pleaſe. The compoſer 
muſt therefore have purſued, in his work, a cer- 
tain plan, executed in real and perceptible propor- 
tions. Then a connoiſſeur on hearing ſuch a piece, 
and comprehending, beſide the Proportions, the 
very plan and deſign which the compoſer had in 
view, will feel that ſatisfaction which conſtitutes 
the pleaſure procured by exquiſite muſic, to an ear 
accuſtomed to reliſh the beauties and delicacies of 
--. what enchanting art. It ariſes, then, from divin- 
ing, in ſome meaſure, the views and feelings of 
1 compoſer, whoſe execution, when fortunate, 
fills the ſoul with an agreeable ſenſation. It i . 
185 ſatisfaction ſomewhat fimilar to that which 1s C de- 
rived from the fight of a well acted pantomime, in 
4 which you may conjecture, by the geſture and ac- PPP 
tion, the ſentiments and dialogue intended to be 
expreſſed, and which preſents, befi des, a well 5 
digeſted plan. ; The enigma of the chimney- 5 
| breeper®, which was ſo diverting to your High- 
neſs, furniſhes me with another excellent a_ 
iſon. When you can gueſs the ſenſe, and diſ- 
cover that it is perfectly expreſſed in the propoſi- 
tion of the enigma, you feel a very ſenſible plea · 


* A celebrated enigma of La Mothe, and in his fugi- | 8 


tive e pieces. 


ſure 
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ſure on making the diſcovery ; but inſipid and 
incongruous enigmas produce none. Such are, if 
1 may be permitted to judge, the true principles 

on which deciſions reſpecting the excellency of 
. muſical compoſitions are founded. 
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L E * TER IX. . 


Comp ſion of the Air. 5 


8 x explanation of ſound, which I have l 5 
1 the honour to preſent to your Highneſs, 1 
"heads me forward to a more particular conſidera- e 
tion of air, which, being ſuſceptible of a move- 
ment of vibration, ſuch as that by which muſical 
| rings bells, and other ſonorous bodies are agitat- =, 
ed, tranſmits the concuſſion to our ears. It will 
be immediately aſked, What! 15 air? ? For it does 5 
not appear, at firſt ſight, to be a material ſubſtance. 
As we perceive no ſenfible body i in it, ſurrounding 5 
ſpace ſeems to contain no matter whatever. We 
feel nothing; ; we can walk, and move every limb 15 
in it, without meeting the flighteſt obſtacle. But 
vou have only to move your hand briſkly, to be 
ſenſible of ſome reſiſtance, and even to perceive a 
ſtream of wind excited by that rapid n movement. 
| D 3 _ Now 


i . 


Now the wind is nothing elſe but air put in mo- 
tion; and ſeeing it is capable of producing effects 
fo ſurprizing, how is it poſſible to doubt, that air 
is a material ſubſtance, and conſequently a body*? 
For the terms Body and matter are ſynonymous, 
Body is divided into two great claſſes, ſolid "and 
fluid. The air, it 18 evident, muſt be refer red to 
the claſs of fluids. . It has ſeveral properties in 
common with water; but it is much more ſubtile 
and fine. E xperiments have aſcertained that air 
18 about 800 times more ſubtile and more rarefied 
than water; and that if air were to be rendered 1 
800 times denſer than i it is, it would have the fame 
conſiſtency as the other fluid. A principal pro- 
perty of air, by which it is diſtinguiſhed from 
dther fluids, 1 is It's quality of being compreſſed, „ 
reduced into a ſmaller ſpace. This is demonſtrat- 
cd by the following experiment. Take a tube of 
oy metal or glaſs AB CD (plate 5 fig. 2.) cloſe ſhut 
5 at che end A B, and open at the other, i into which 
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| * It is an erroneous s principle, that hs air is s diſtinguiſhed . 
8 other fluids by it's ſuſceptibility of compreſſion. All fluids 
are perfectly elaſtic, only the force required to produce a certain 
degree of compreſſion, differs very widelyin each. Thus, the 

ſame force which cauſes water to ſuffer a contr ation of only the 
thirty thouſandth part of it's bulk, condenſes air into one half. 
The real diſtinction between the acriform and liquid fluids ſeems 

do be, that the reaction of the former is pr oportional to their den- 


fity, while that of the latter is proportional to the my of 
| compreſſion —E, E. 


18 


I 


» 
* 
0 
. 
” 
n 
4 
A 
8 
42 
o 
"= 
5 
* 
Ki, 
E 
* 
WW 
8 
y 
5 
by. 
* 
7 
3 
1 
* 
= 
MW 
wy 
8 
1 
15 


A GERMAN PRINCESS, | 39 


13 ; introduced a piſton, filling exactly the cavity 
of the tube. On puſhing the piſton inwards, when 


it has arrived at the middle E, the air which oc- 8 
cupied, at firſt, the cavity A B CD, will de re- 
duced one half, and conleduently will have be · 
come twice as denſe. If the piſton is puſhed 
fill farther in, as far as F, half way between Band 
E, the air will be reduced to a ſpace 4 times 


ſmaller chan at firil; and if you con ĩinue to drive 


= forward the piſton to G, ſo that B G ſhall be the 
half of B F, or the eighth part of the whole length 
BD, the- fame air which, in the beginning, was 
5 expanded over the whole cavity of the tube, will =. 
be contracted to a ſpace eight times ſmaller. Go: = 
ing on in the ſame manner to contract it into a 
ſpace 800 times ſmaller, you will obtain an air 
800 times denſer than ordinary air. | It would then 
be 45 denſe as water, which it would be eaſy to 
prove by other experfments. | Hence it appears, 55 
that air is a fluid ſubſtance, capable of compreſſion, 
r in other words, of being reduced to A ſmaller 
2: ſpace, and in this reſpecl, it differs entirely from 
water. For, let the tube AB CD be filled with 
this laſt fluid, 3 and attempt 1 to introduce the piſton, . 
you - will find it impoſſible to drive it forward. 
Employ what force you may, you will gain no· 2 


thing; th e tube will burſt fooner than you can re- 


Adauce the water to a {pace ſenſibly ſmaller. This 
then is the eſſential difference between air and 


D 4 . Mater; 
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water: the latter is ſuſceptible of no compreſſion, 
but air may be compreſſed to any degree you 
| pleaſe. The more the air is compreſſed, the denſer 
it becomes; thus the air which occupied a certain 
ſpace, when compreſſed or reduced to half that 


55 ſpace, becomes twice as denſe; if reduced -to "Bj 


: ſpace 10 times ſmaller, it is rendered 10 times 
more denſe; and ſo on. 1 have already remark- 

ed, that could it be rendered 800 times more 
; denſe, it would then be as denſe as water, and 
: conſequently as heavy, for weight increaſes in the 
fame proportion as denſity. Gold, the heavieſt 
| ſubſtance with which we are acquainted, is like- 
wiſe the moſt denſe. It is found, by experiment, 
to be 19 times heavier than water; and that a 


mafſs of gold, in form of a cube of one foot, would 1 


weigh 19 times a maſs of water of the ſame di- 


menſions. Now ſuch a maſs of water weighs ”» 


pounds; ; the maſs of gold therefore would weigh 
19 times 70, that is 1330 pounds. It follows, 
that were it poſſible to compreſs air, till it were 


5 reduced to a ſpace 19 times 800, that 1 is, 1 5,200. 


times ſmaller, it would become as denſe and as 


weighty as gold. 


But it is very far from being poſũible to carry 
the compreſſion of air to that degree. You 
may, at firſt, without difficulty drive forward 
the piſton, but the farther you advance the 
reſiſtance becomes r more powerful ; ; and, before 
55 vou 
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you are able to reduce the air to a ſpace 10 
times ſmaller, ſuch a force muſt be employed as 
would burſt the tube, unleſs it were of uncommon 
ſtrengtb. And not only would ſuch a force be 
neceſſary to drive the piſton farther, but an equal 4 
force would be requiſite to keep it in that ſtate, 
for on the ſlighteſt relaxation of the power, the 
| comprefſed air would drive it backward. The 
more compreſſed the air is, the more violent are 
it's efforts to expand, and to recover ir s natural 
ſtate. This i is what we call the ſpring or elaſticity 
of the: air, of which I Propoſe to treat in my next 


letter. 
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LETTER X. 


Karefaction and Elaficity of the Air 


" HAVE remarked, that air is a fluid, about 
1 800 times more ſubtile than water; ſo that 
could water, without being reduced to vapour, be 
expanded over a ſpace ſo many times greater, and 
could become, of conſequence, ſo many times 


more ſubtile, it would be of a ſimilar conſiſtence 
| with 
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with the air which we breathe. But air has a pro- 


perty which water has not, that of ſuffering com- 


preſſion into a ſmaller ſpace, and of being propor- 


rionably condenſed, as I demonſii ated in the pre- 
ceding letter. And we diſcover in air another 
property no leſs remar kable : it is capable of being 
expanded over a greater ſpace, and thus rendered 


ſtill more ſubrile. This operation 1s called the 
raref iCtion ot air. 


' You have only to take, as before, a tube A 


B 55 1 5 (plate I. fe. 3. ) at the bottom of which | 


A E, let there be a ſmall aperture O, ſo chat, 


on introducing the piſton as far as to P, the 
air may eſcape by that aperture, without being 
5 condenſed. The air which now occupies the 
cavity A E F, will then be in it's natural 
ſtate; let the aperture O be cloſely ſtopped. On 


drawing back the piſton, t the air will gradually ex- 


” pand through the greater ſpace, fo that when the 2 


piſton 1s brought back to the point G, the ſpace : 


CG being double the ſpace CF, the fame air 
which was contained in the ſpace A © EF, will 
fill 4 ſpace twice as great; it will be, of courſe, 
5 only half as denſe, or, which | 1s the fame thing, 
twice as rare, If you draw back the piſton. to the 
point H, the ſpace C H being 4 times as great as 


the-ſpace C F, the air will become 4 times as rare 


as it was at firſt, as it is then expanded over a 
ſpace four times as great. And could the piſton 
be drawn back till the ſpace became 1000 times as 


great, 
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great, the air would ſtil] equally expand through 
that ſpace, and conſequently become 1000 times 
as rare. Here then, likewiſe, air differs effentially 


from water : for if the cavity A C E F were filled 
with water, to no purpoſe would you draw back | 
the piſton ; the water would continue to occupy : 
the ſame ſpace as at firſt, and the reſt would re- 
main empty. Hence we ſee that the air poſſeſſes 
an intrinſic power of expanding itſelf more and 
more, which it exerts not only when it is con- 
denſed, but alſo when rarefied. In whatever ſtate of Te 
condenſation. or rarefaction the air may be, * 
makes unremitting efforts to extend itſelf over a 
larger ſpace, and 1s continually expanding fo long £ 
as it meets no obſtacle. This property is called _ 
the elaſticity of air; and it has been demonſtrated 5 
by experiments which T ſhall preſently deſcribe, 
that this elaſtic power is in proportion to the den- 
ſity; in other words, the more the air is con- 


denſed the greater are it's efforts to expand irſelf ; 


and the more rarefied it is, the &ebler are thoſe 


efforts. It will be demanded, perhaps, why the 1 
air now in my chamber, does not makes it's eſcape 
by the door, being endowed with an  6xpanſibi- | 


lity continually impelling it to occupy a greater 


| ſpace? The anſwer is obvious. This would infal- 


libly happen, did not the external air make equal | 


efforts to extend itſelf; but the efforts of the air of 
the chamber to get out, and that of the external = 


air 
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air to preſs in, being equal, they balance each 
other, and remain in a ſtate of reſt. Had the ex- 
rernal air accidentally acquired a greater degree of 


denſity, that is, more elaſticity, it would, in part, 
force it's way into the chamber, where the air be- 
ing compreſſed, would likewiſe acquire a greater 
degree of elaſticity; 5 this current would accord- 
ingly laſt till the elaſticity of the internal, became 
equal to that of the external air. And ſhould the 
air of the chamber ſuddenly become more denſe, : 
and it's elaſticity greater than that of the external 
air, it would force it's way out, and it's denſity 5 83 
gradually diminiſhing, it's elaſticity, too, would 
diminiſh, till it became equal to the external air; 
the current would then ceaſe, and the air in the 
chamber would be in equilibrium with the ex- 
ternal. Free air, then, is in a ſtate of reſt, only | 
when it has the ſame degree of elaſticity with that 
which ſurrounds it; and as ſoon as that of the one 
tract becomes more or leſs elaſtic than the adjoin- 
ing, the equilibrium can no longer ſubſiſt; but if 
the elaſticity is greater, the air will expand itſelk 
and ſlide into ſpaces where it is ſmaller : and from 
this motion of the air reſults the wind “. *. Hence 


* The action of the moon upon the atmoſphere, and the 


motion of the earth's rotation likwiſe produce regular winds. 
Chains of mountains ſometimes change the direction of winds. 

Hence we ſee that the known cauſe of currents of air, are of 
_ three kinds, regular, accidental, and local=—F. E. 


3t- 
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it comes to pals, that the elaſticity of the air is 
ſometimes greater, ſometimes leſs, in the ſame 
place; and this variation is indicated by the 
barometer, the deſcription of which merits a parti- 
cular conſideration. 1 confine myſelf, at preſent, 
to theſe qualities of air, it's condenſation and rare- 
faction, intreating you to recollect, that the more 
condenſed it is, the greater power of expanſion, 
or elaſticity, it acquires z and that, on the contrary, 
the more it is rarefied, the more this quality is di- 
5 miniſhed. Experimental philoſophers have in- 5 
vented one machine for rarefying of air, and | 
another for condenfing i it: the former is called the 
5 air- pump, the latter the condenſer. Theſe ma- 
chines ſerve to perform many curious experiments, ” 
with which you are already well acquainted. 5 
reſerve to myſelf, however, the liberty of recapi- 
tulating ſome of them, becauſe they are neceſſary 
to elucidate and explain the nature and properties - 
of air, which, as they powerfully contribute to the : 
| Preſervation of animals, and the production of 
plants, preſs upon us the importance of forming 
a Juſt idea of chem. - : 


% My, 1760. 
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LETTER Ki. 
Gravity of the Air. ” 
I HAVE endeavoured to demonſtrate, that the 


air is a fluid, endowed with the particular pro- 
perty of ſuffering com preſſion into a ſmaller ſpace, 
and of expanding into a greater, when no obſtacle 
interpoſes. This property of air, known by the 
name of ſpring, or elaſticity, from it's reſemblance 


to a ſpring, which it requires an effort to unbend, 


: and which reſumes it's form, as ſoon as the effort 
ceaſes, is accompanied by another, in common to 
it with all bodies in general, namely, gravity or 
| weight, in virtue of which all bodies tend toward 
the centre of the earth, and by which they are un- 
der the neceſſ ity of falling down, unleſs ſupported. 
The le earned are very much divided, and very un- 
certain, reſpecting the primary and mechanical 
cauſe of this power, but It's exiſtence is indubit- 
able. Daily experience evinces it. We know 


: * T be 3 matter muſt F be herred to the 
"arty appointment of the Author of Nature, There are 
certain principles at which the prudent. philoſopher will chooſe 
to ſtop, leſt, by puſhing his reſcarches too far, he involve him- 


ſelf in greater obſcurity. Thoſe who attempted. to account for 


gravity by mechanical impulſe, committed an egregious over- 
ueſtion ſtil] recurs, What pr oduces this impulſe ? 
yſical work has ever done ſo much ſervice to philoſo- 


fight; for 
No meta 
phy as Mr. Hume s admirable eſſay on © Nece fary Connexion.” 
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| even the quantity of it, and can meaſure it exact- by 
| ly. For the weight of a body is nothing elle but 3 
: the power which conſtrains it to deſcend, and as g 5 
f the weight of every body may be exactly meaſur- A 
; ed, we know pertectly well the effect of gravity, + wy 1 
though the cauſe, or that inviſible power which 9 
; acts upon all bodies, forcing them to deſcend, * 
, may be abſolutely unknown to us. It follows, Þ 
| that the more matter any body contains, the heavier. : 1 
| it is. Gold and lead are heavier than wood or a 1 
f feather, as they contain more matter in the ſame 9 
bulk, or in the ſame extent. But as air is a very 5 1 
ſubtile and thin ſabſtance, and it's gravity, of con- 1 | 
ſequence, very little, this property uſually eſcapes 4 

our ſenſes. Experiments, however, may be made, 

capable of producing full conviction that it poſ- 

ſeſſes gravity. You have ſeen how the air may be | | 
 rarefiedin a veſſel or a tube; and by means of te 
air-pump, this rarefaction may be carried „„ - Ml 


as almoſt entirely to exhauſt the air, and to leave 
the recaiver ſenſibly : a vacuum. Or you may take BY 

n tube AB CD, plate L As. 4) into which 
: you introduce the piſton, ſo as perfectly to touch 
the bottom, and to leave no air between the two - vg 
ſurfaces. To perform the experiment with more es | 
== advantage, let there be at the bottom of the tube Es 

a little aperture G, through which the air may 

eſcape, as the piſton i no puſhed forward. Let the _ 
aperture then be cloſely ſtopped, that not a particle = 


of 
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of air may be included between the piſton and the 
bottom of the tube. Having made this arrange- 
ment, draw back the piſton, and the external air 
nat being able to force it's way into the tube, there 
will remain between the bottom of the tube and 
the piſton, a perfect vacuum, which may be i in- 
creaſed at pleaſure, by continuing to draw back 
the piſton. You may thus exclude the air con- 
tained in a veſſel; and ſuch veſſel, reduced to a 
vacuum, being tried in accurate ſcales, will be 
found to weigh leſs than when filled with air. 
Hence we deduce this very important concluſion, 
That the air contained in an empty veſſel increaſes . 
it's weight, and that the air itſelf poſſeſſes gravity. 
Were the veſſel large enough to contain 800 
pounds weight of water, we might diſcover by this 
experiment, that the body of air which fills it, . 
would weigh nearly one pound, Hence we con- 
clude, that air is 800 times lighter than water. 5 4 
mult be underſtood as fpeaking of the common air 
which ſurrounds us, and which we breathe ; 3 for 1 
vou know, that with the aſſiſtance of art, air may 
be compreſſed, by forcing it into a ſmaller ſpace, 5 


and it's gravity thereby increaſed. Were the veſſel 


Which 1 have mentioned, to be filled with air 
compreſſed to twice the conſiſtency of common 
air, it would weigh two pounds more than when 
empty. Were it filled with air 800 times more 
com preſſed than common air, it would weich 800 
pounds 
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pounds more than when empty, chat is, as much 
as if it were filled with water. The air, then, poſ- 
ſeſſing a certain degree of gravity, though, in the 
natural ſtate of this fluid, its gravity is extremely 
ſmall, it muſt, however, as well as all other bodies, 
tend toward the centre of the earth, and conſe- 
quently preſſes on every thing which oppoſes this = 
tendency. For this reaſon the, ſuperior air preſſes 
7 downward on the inferior, and this laſt undergoes = 
a compreſſion from the weight of the whole maſs 
of air which is above it. Hence it comes to paſs, 5 
tat in theſe regions, the air has a certain degree 
0 compreſſion or denſity, which is the effet'of 
the gravity of the ſuperior | air; and that if the | 
8 ſuperior ; air had more or leſs gravity, the aif which 
| ſurrounds us would likewiſe become 'more or leſs 
denſe.” It is thus that the air below ſuppotts the | 
h weight of the ſuperior air, and that the more we 
* aſcend, the more it loſes irs denſity and rarefies ; , 
ſeo that were it poſſible to continue to aſcend, the 
= air would at length be totally loſt, or would be- | 
come ſo ſubtile and ſo rarefied, as to be no longer- b 
perceptible. Were you to deſcend, on the con- 
trary, into a very deep pit, you would find the 
denſity of the air continually increaſing, from the 


increaſe 8 tlie maſs of air preſſing. downward 
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LETTER xn. 


Oo the asp, , and the Barometer. 


pms 8 that air is a fluid, 


elaſtic, and: poſſeſſed of gravity, 1 proceed 


to remark, That the earth is ſurrounded on all 
fides by. this fluid, and that the ſpace which it fills 5 
is called the atmoſphere. It would be abſolutely 
impoſſible for a perfect vacuum to exiſt on any 
part of the earth's ſurface; for the air of the ad- 
joining regions, compreſſed by the weight of the 
' fuperior-air, and making inceſſant efforts to dilate, : 
would force itſelf into the empty ſpace and fill it. 
T he armoſphere, therefore, occupies the whole 
5 region which ſurrounds the earth; the infe- 
rior air is continually compreſſed by the weight 
of the ſuperior air, and that until the degree 9 
elaſticity, which reſults from this compreſſion, 3 
able to form an equilibrium to the compreſſing 
power. Then, although this air is compreſſed 
only in a downward direction, it produces, in 
virtue of it's elaſticity, efforts to expand ufelf not 
only downwards, but ſideways alſo. For this rea- 


fon, the air in a chamber, is as much compreſſed 


as the external, which appeared a paradox to cer- | 
tain philoſophers. For they reaſoned thus: In a 


chamber, 
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| Ander, the inferior air is compreſſed only by 
the ſmall quantity of ſuperior air included in that 
chamber, whereas the external air is compreſſed 
by the weight of the whole atmoſphere, the height 


removed, by the property which air poſſeſſes, of 
expanding itſelf, when compreſſed, in all direc- 
tions. Now the air in the chamber is at firſt reduced, 
by the external air, to che ſame degree of com- 
preſſion and elaſticity with: itſelf ; hence, whether 


of which is immenſe. But the difficulty is at once 


Tamin my chamber, or in the open air, J feel the N 
ſame compreſſion; ; it being always underſtood, 
that I mean at the ſame height, or at the ſame 
diſtance from the centre of the earth. For l have 


already remarked, chat on getting to the ſummit 
of a high tower, or of a lofty mountain, the com- 


- preſſion of the air is leſs, becauſe the weight of the 


ſiuperior air is then diminiſhed. Various phenome- 
na confirm this ſtate of the compreſſion of the air. 


Take, for inſtance, (plate I. fo. 4): _ ade 5 


A B, cloſe at the end A, and having filled it 


: with water, or any other fluid, invert it, ſo that 


the open end B may be undermoſt, and you wil! 
find that the fluid does not run out. The elaſti- 
city of the air acting at B, in oppoſition to the 
fluid, ſupports it in the tube. But if you make 
an aperture into the tube at A, the fluid imme- 


= diately deſcends : the air which 1s admitted by the 


aperture acts then from above, by it's preſſure 
_ E 2 3 
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upon the water, and forces it downward z which 
demonſtrates, that while the tube was cloſe at top, 


it was the external air which ſupported the water 

in it. And were ſuch a tube to be placed in a re- 
ceiver, from which the air was extracted by the 
air- pump, the fluid would inſtantly deſcend. The 
ancients, to whom this property of air was un- 
known, alleged, that nature ſupported the water 
in the tube, from the horror which it has of a 
vacuum. For, ſaid they, were the fluid to de- 
ſcend, there muſt be a vacuum at the upper end 
of the tube, as the air could find no admiſſion 
into it. According to them, therefore, i it was the. 
horror of a vacuum which kept the fluid ſuſpended 15 
in the tube. It is now demonſtrated, that it is ile 
force of the air which ſupports the weight of vie, 
fluid in the tube ; and as this force has a deter- 
minate quantity, the effect cannot exceed a cer- 
Z tain limit. : 


Jt: is found by experiment, chat if the _ 


| A B is more than 33 feet in length, water will HY 
no longer remain ſuſpended in Us but will run 
out till it comes to the height of z 33 feet; the ſpace | 
left a- top will, of courſe, be a real vacuum. 
The force of the air then cannot ſupport water in 
the tube at more than the height of 33 feet; and 
N the ſame force ſupports the whole atmoſphere, 
it is concluded, that a column of the atmoſphere _ 


1s of equal weight, the baſis being equal, with a 


column of water 3 3 teet high, If, inſtead of water, 


you 
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you were to uſe mercury, which is 14 times he- 
vier, the force of the air could ſupport it in the 
tube at the height of only 28 inches; and if you 
go beyond that, the mercury deſcends, till OE 
height correſponds to the preſſure of the atmoſ phere, 
leaving the ſpace a- top in the tube a vacuum. 
Such a tube cloſe above, and open below, being 


filled with mercury, forms the inſtrument called 8 


the Barometer, by means of which 1 it has been diſ- | 
covered, that the atmoſphere is not always of 


equal gravity. For it's real gravity 1s aſcertained 


by the barometer, from the height of the mer- 

cury, which, as it riſes or falls, indicates that the 
dienſity of the air, or the prefiure of the atmoſ e, = 
x 1s eee or diminiſhing, | 
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LETTER XIII. 


of nnd dus, FRE) the Compreſ on o dir in Gun. 
Powder. 5 


[AVING explained that remarkable be ET 
of air which is denominated compreſſibility, 


by means of which it is reducible into a ſmaller _ 
ſpace, we are enabled to give an account of ſeveral _ 
EE = productions 
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productions of both nature and art. I ſhall begin 
with an explanation of the wind- gun, though I 
have no doubt that you. are well acquainted with 
that inſtrument. It's conſtruction i is ſimilar to that 
"ot the common fuſil; but inſtead of powder, we, 
employ condenſed air to diſcharge the bullet. 
In order to comprehend the proceſs of this opera- 
tion, it muſt be obſerved, that air can be compreſſed : 
only by a force proportional to the degree of con- 
 denſation which you wiſh to obtain; in this ſtate, 
ut ſtrives to extend itſelf, and the efforts which it 
makes are preciſely equal to the force neceſſary to 
reduce it to the ſize which it actually occupies. 5 
T he more, then, that the; air is condenſed, the more 

vuoolent are it's efforts to dilate; and if the air is 
| raiſed to a denſity twice as great as when it is free, 
which is the caſe when we reduce it to half . 
ſpace which it occupies in it's natural ſtate, the 
force with which it endeavours to expand, is equal 
to the preſſure of a column of water 33 feet high. = 

- Figure to yourſelf: a great caſk of this height, filled 
with water; this fluid will, undoubtedly, make "Bo. 
ſtrong preſſure on the bottom of the veſſel. If 

you make a hole in it, near the bottom, the water 

will force itſelf out with conſiderable violenze : 
and on ſtopping the aperture with your finger, you 
will be abundantly ſenſible of this preſſure of the 
water. The bottom of the caſk ſuſtains through- : 
out a imilar preſſure. Now a veſſel containing air 


twice 


3 


GR 


twice as denſe as that of the atmoſphere, muft un- 


dergo preciſely ſuch a preſſure, and if it were not 
ſufficiently ſtrong to ſuſtain it, would burſt. The 
des, then, of this veſſel muſt be as ſtrong as the 
bottom of the caſk I have mentioned. If in the 
_ fame veſſel the air were three times as denſe as 
common air, the force with which it would act 
upon t the fides muſt be increaſed in the proportion 
of one more, and would be the ſame which is 
ſuſtained by the bottom of a caſk full of water, of 
6s feet in height. You will eafily conceive that 
_ this force muſt be very great, and that it muſt go 
on increaſing in the ſame ratio, according to the 
different degrees of condenfation of the air. This 
being laid down, there is, at the bottom of the 
air-gun, a cavity ſtrongly fortified on all ſides, i into 
which the air is more and more compreſſed, in 
| order to reduce it to as high a degree of denſity a 
the force employed for that purpoſe can admit. 
The air confined in this cavity will, thereby, ac- 
quire a prodigious power to force itfelf out: ang 
i an aperture, is made, it will fly off with a velo⸗ 8 
city proportional to that power. Now there 1 
ſuch an aperture which terminates in the cavity of 
the tube into which the ball is put. It is cloſely 
ſtopped; but when you wiſh to diſcharge the 


piece, you open, for an inſtant, the valve which 


ſhuts it; and the air ruſhing forth, forces out te 
ball with all the velocity which we remark in 
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ting. Every time you diſcharge, the valve is 
kept open only a ſingle moment; a certain quan- 
tity of air, therefore, and no more, can eſcape, and 
enough ſtill will remain for ſeveral ſnot. But on 
diſcharge, it's denſity and correſponding elaſticity 
_ diminiſh; and for this reaſon, the latter diſcharges 
are leſs forcible than the former, till the force is at 


length entirely exhauſted. Were the valve to re- 


main open any conſiderable time, more air would 


make it's eſcape, which would all go to waſte; 9 


for this force acts upon the ball only while 1 it is in 
the barrel of the gun; as ſoon as it is ſhot off, it 
is uſeleſs to leave a paſſage for the air. Hence u 
appears, that were it poſſible to carry the conden- 5 
ſation of this fluid a great deal farther, you will 0 
produce from the wind- Sun, the ſame effects as 
trom the guns and cannons in common uſe. 
: The effect of artillery 1 is accordingly founded on 
_ the ſame princi ple. Gunpowder i is only a ſubſtance, 
5 which contains in it's pores an air extremely con- 


denſed. * Nature produces here the fame opera · . 
tions 5 


Recent experiments have ſomewhat corrected this explana- 
tion. Gunpowder, it is well known, is a compoſition of ſulphur, 
nitre and charcoal. In the detonation of this ſubſtance, the 


heat puts the fulpbur : and charcoal in a condition to diſſolve 1 


acid of the nitre, and to take from it the dephlogiſtic air which 


enters into it's compoſition. The atmoſpheric mephites, which is 1 
another principle of this acid, finding itſelf thereby diſengaged, 


begins to and, and forms a firſt elaſtic permanent fluid. 12 he -- 
fing F 
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tions which we employ for compreſſing the air, 
but carries the condenſation to a much higher de- 
gree. 


firing of the 4 000 produces fixed : air, "Wiles is a ſecond | 

elaſtic permanent fluid. That of the ſulphur produces the vi- „„ 

triolic acid, which is reduced to vapour by the heat of the i 8 . 
flammation (a). F inally, the water which enters into the com- 
poſition | of the powder, is» likewiſe converted into vapour. 
Here, then, are four elaſtic fluids produced in the progreſs 


this operation. To their expanſion the phenomenon of the ex- 
ploſion is to be aſcribe d. 5 


charge. —F. ZE. 


0 ) This account of the 2eriform fluids, mien by the 1 , 
tion of gunpowder, ſeems very embarraſſed. Sulphur is not an eſſentiaa 

: ingredient i in gunpowder ; but as it burns at a low heat, it renders the 
maſs more ſuſceptible of catching fire. The inflammation of gunpowder 
is preciſely the ſame phenomenon with the detonation of charcoal and 
nitre. That ſalt is compoſed of vegetable alkali and nitrous acid, which 

| conſiſts of pure and mephitic airs united in a certain proportion. By 
means of the heat at firſt applied, and then rapidly evolved during the 
proceſs of inflammation, the nitrous acid is decompoſed ; it's mephitic = 
air is expelled, while it's pure air, combining with the charcoal, forms £7 
It appears from experiment, that 
this aerial compound, at the inſtant of it's extrication, has upwards of — 


fixed air, which is alſo diſcharged. 


hve hundred times the ellticit of common air. —E, E. 8 5 
with 


EET Bow aro. #20 
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All that is neceſſary is to open the little 

cavities in which this denſe air is confined, that it 
may have liberty to eſcape. This is performed by | 

means of fire, which burſts open theſe little en- 

velopes: : the air then ſuddenly flies off, with in- 

credible velocity, and forces before it bullets and : 

balls 1 in a manner entirely ſimilar to that which we 

5 have. remarked in the caſe of the wind. gun, but SL 


The two laſt, brought back to a liquid : 
ſtate by being cooled, for m the imoke we ee after the di . 
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with much greater impetuoſity. Here, then, are 
two very ſurpriſing « effects produced from the con- 


denſation of air, with this ſingle difference, that 
in the one, it is the work of art; and in the other, 
that of nature. 
every thing elſe, how infinitely the operations af 
human {kill are ſurpaſſed To thoſe of nature. 


We ſee therefore in this, as in 


24 Moy, 1760. 


LETTER XIV. 


. The E ee Fl pri ed by ls Heat and Cold on all B- 


1 and 7 the Pyrometer and Thermometer. 


d ESIDE the properties already mentioned, * 5 
has another very remarkable quality, i in com- 


mon to it with all bodies, not excepting. ſuch as 
are ſolid; I mean the change produced on it be 
heat and cold. It is obſervable, in general, that 
all bodies, being heated, dilate or increaſe in fize, 
A bar of iron made very hot, is ſomewhat longer 
and thicker than when it is cold, There is an in- 
ſtrument called the Pyrometer, which accurately 
indicates the ſlighteſt differences of length or ſhort= 
neſs, that a bar of iron undergoes, to which it is 

N — You know that! in a watch, ſome of the 


wheels 
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cate motion to others which revolve with conſider- 


able rapidity. By a ſimilar mechaniſm it is poſſi. 


ble, from a change almoſt imperceptible, to pro- 


gain it in very cold weather; which clearly de- 


monſtrates, that the pendulum is lengthened or 


ſhortened, according to the temperature of the air. 


wheels move very ſlowly, though they communi. 


duce one very conſiderable, as is the caſe of the 
pyrometer, which 1 have juſt mentioned. It has 
an index, which runs over a very conſiderable 
ſpace, on the lighteſt change produced in the 
length of the body on which the experiment wn 
made. On applying this inſtrument to a bar o ß 
iron, or any other metal, placed over a burning 
amp, the index is immediately put in motion, 
and ſhews that the bar is becoming longer; and, 
as the heat increaſes, the bar likewiſe increaſes | in 
length. But on extinguiſhing | the lamp, and the 
bar growing cold again, the index moves in a con- 
trary direction, and thereby ſhews that the bar 1 1 
growing ſhorter. The difference, however, is fo 
Might, that, without the help of this inſtrument, 
it would be difficult to perceive it, Yet this va» 
riation is abundantly perceptible in the motion f 
pendulum time· pieces. The uſe of the pendulum 
is to regulate the motion. If you lengthen it, the 
clock goes ſlower, and if you ſhorten it, the clock 
goes faſter. Now it is remarked, that in very hot 
weather all clocks loſe time, and proportionably 
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All bodies undergo this alteration, but the quan- 
tity differs greatly, according to the nature of the 
ſubſtance of which they are compoſed. In fluids, 
efpecially, this variability is very perceptible. To 
aſcertain. it, take a glaſs tube, B C, [plate J. g. 6) 
| joined at the end B to a hollow ball A, and let 
| It be filled with any liquor you pleaſe up to M. 
On heating the ball A, the liquor will riſe from 
M toward C: when it becomes cold again, the 
liquor will fall toward B. This clearly proves 
that the ſame liquid occupies a greater ſpace when 
it is heated, and a ſmaller when cold: It is like- | 
wiſe clear, that this variation muſt be more per- : 
| ceptible, when the ball is large, and the tube nar- 
row. For, if the whole maſs of liquor increaſes or 
diminiſhes by a thouſandth part, that thouſandth 1 
part will occupy, in the tube, a ſpace great in 
proportion to it's narrowneſs. Such an inſtrument ; 
then is exceedingly proper to indicate to us the 
different degrees of heat and cold; for if the 
liquor riſes or falls, it is a certain indication that 
the heat is increaſing or diminiſhing. This! in- 
ſtrument is called the 7 bermometer, which points 
out the changes that take place in the temperature 
of the air, and of the bodies which ſurround us. 
It muſt not be confounded with the barometer, 
whoſe uſe is to indicate the gravity of the air, or 
rather the force with which it is compreſſed. This 
caution is the more neceſſary, that the barometer 
and 
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and thermometer have a conſiderable reſemblance: 


being both glaſs tubes filled with mercury; but 
their conſtruction, and the principles on which 
they are founded are entirely different. This 5 
quality of body, extention by heat, and contrac- 
tion by cold, belongs likewiſe, in a very ſuperior 
degree, to wrt ſhall explain it at ur 3 


in my next letter.“ 


271h M, 1 1 . 


8 There are three kinds of thermometers 1 in uſe at preſent, 5 
that of Reaumur is adopted in France, Switzerland, and Italy; 
that of Celſius in Sweden and Denmark. In both of theſe, the 5 
ſcale commences at the freezing point; but the inter val, between 
that and the boiling point, is divided, in the former, into 80 
8 parts, and the latter, into 100. Farenheit' 8 thermometer is uſed 
in Britain and Holland; the freezing point is marked on it 32, 
and the boiling 212, the interval containing 180 degrees. -The . 
freezing point is very nearly permanent, but the boiling point 
depends on the preſſure of the atmoſphere, and near the ſurface 5 
of the earth 1 it varies one degree and ſix-tenths for every inch of 
variation in the height of the barometer. Water has been heat- 
ed in a cloſe veſſel to ſuch a degree, as to melt lead and tin; 
and in the receiver of an air-pump, it may be converted into 
vapour, at the ordinary temperature of the air. Hence the rea- 
fon why water boils ſo quickly on the ſummit of lofty mountains. 
The boiling point would be at 1729 on the heights of the Andes. 


—E, E. 
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LETTER XV. 
_ produced i in the Atmoſphere by Heat and Cold. 


EAT and cold produce the fame effect vn 
; air, as on every other body. Air is rarefied 
by heat, and condenſed by cold. From what * 
have ſaid of the elaſticity of air, you eaſily per- 
ceive, that a certain quantity of this fluid is not 
determined to occupy only a certain ſpace, | as 
all other bodies are; but by 1 its nature, it has a 
perpetual tendency to dilate, and actually does 
expand itlelf, as long as it meets no obſtacle. 
This property of air is denominated elaſticity. : 
When this fluid is confined in a veſſel, it makes 
efforts in every direction to burſt it; and theſe ef- 
forts are greater or leſs in proportion to its conden- 
ſation. Hence we come to this conclufi ion, that 
the elaſticity of air is in exact proportion to its 
denſity; ſo that when its denſity is doubled, its 
celaſticity is likewiſe doubled; and that, in general, - 
a certain degree of elaſticity correſponds to a pro- 
portional degree of denſity. It muſt be remarked, 
bow ever, that this takes place no longer than while 
the air preſerves the ſame degree of heat. When 
ever it becomes hotter, it acquires greater power 

of expanſion than what correſponded to its denſity; 


and cold produces the oppoſite effect, by dimi- 


niſhing ! its expanlive power. In order then to de - 
termine 
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termine the elaſticity of a maſs of air, it is not ſuf- 
ficient to know its denſity; ; you muſt likewiſe 
know its degree of heat. In order to ſet this in a 
clear light. Let us ſuppoſe two chambers cloſely 
hut on all ſides; but united by a door of commu- 
nication ; and that the heat in both is equal. In or- 
der to this the air in both chambers muſt have the 
fame degree of denſity. For were the air more 
denſe, and conſequently more elaſtic, in the one 


than in the other, part of it would eſcape from the 
one, and force its way into the other, till the den- 


ſity in both were the ſame. But let us ſuppoſe 8 
that one of the chambers has become hotter than 
the other, the. air thereby acquiring a greater elaſ- 


ticity, would of courſe force itſelf into the other, , 
and reduce that which it found there into a ſmaller 


ſpace, till the elaſticity in both chambers was 
brought to the ſame degree. During this change 


tere will be a current of air, through the door, from 
the chamber. which-is more, into that which is leſs 


heated ; ; and when the equilibrium 1 is reſtored, the 
5 air will be more rarefied i in the warm apartment, 
and more condenſed i in the cold; and yet the elaſ- x 
ticity of both will be the ſame. F rom this it 
clearly follows, that two maſſes of air of different 


denlity, may have the ſame elaſticity, when the one 
is hotter than the other; and this circumſtance ta- 3 


ken into conſideration, it may happen, that with 
the ſame degree of denſity, they may be endowed 


with different degrees of elaſticity. 


What 
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What I have faid of two chambers, may be 
applied to two countries; and hence it may be 
concluded, that when one country becomes 
warmer than the other, there muſt of neceſſity be 
a current of air from the one to the other: and 
from this reſults the wind. 

Here, then, is one Tut ſource of winds, ” 
though there are, perhaps, others, which conſiſt 1 in 
the different degrees of heat, which prevail | in dif- 
| ferent regions of the earth; and it is demonſtra- 

” ble, that the whole air which ſurrounds the earth 
could not be in a ſtate of reſt, unleſs that, univer- 
: fally, at equal heights, there were found the ſame 2 
degree, not only of denſity, bur likewiſe of heat. 
And ſhould it happen that there were no wind over 
the whole ſurface of the earth, it might with cer- 
5 tainty be concluded, that the air would likewiſe 
be every where equally denſe and warm, at equal _ 
, heights. Now as this never happens, there muſt 
of neceſſity always be winds, at leaſt in ſome re- 
gions. But theſe winds are, for the moſt part, 
to be met with only on the ſurface of the earth; 
and the higher you riſe, the leſs violent winds are. 
Winds are hardly perceptible at the ſummit of 
; very high n mountains F there perpetual n 
reigns; 3 


= This does not appear — exact. A per petual current 

of wind, from eaſt to weſt, muſt | de produced by the motion of 
the ear th's rotation. It reſults, hikew iſe, fr om N. VAlembert's 
; es theory 
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reigns; from which it is impoſſible to doubt, that 
at conſiderable elevations, the air is always in a 
ſtate of reſt. Hence it follows, that-in regions 
remarkably elevated, there univerſally prevails all 
over the earth, the ſame degree of denſity and 
heat; for were it hotter in one place than in 
another, the air could not be in a ſtate of reſt, 
And, as there is no wind in theſe elevated re- 
gions, it muſt neceffarily follow, that the degree | 
of heat there muſt be univerſally and always the 
| fame; which is a very ſurprizing paradox, conſi- 
dering the great variations of heat and cold which 
we feel on the ſurface of the earth, during the 
courſe of a year, and even of one day; without 
taking into the account the difference of climate, 8 
that 1 18, the intolerable heats felt under the equa- | 
tor, and the dreadful cold which ever prevails to- 
ward the poles of the earth. Experience itſelf, 

Ry however, confirms the truth of this aſtoniſhing _ 
fact. The ſnow and ice remain equally, ſum- 
mer and winter, on the mountains of Switzerland, T” 

85 and are e equally unchangeable on che Cordeliers, 5 


” 1 of . Befides, the attraction of the moon, which is 
capable of raiſing the waters of the globe, undoubtedly com- 


municates ſome motion to the atmoſphere. Here, then, we have 
ſuperior currents. 


When atroſtation is 3 to perfection, it t wil, * 85 


Procure us ſatisfying information . this article of 
meteorology F. E. 


Var. I. 


pity : 
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lofty mountains of Peru, fituated under the very 

equator, and where there perpetually reigns, never- 

theleſs, a cold as exceflive as that of the polar 
regions. The height of theſe mountains is not a 
German mile, or 24,000 feet. From this it may 

; be, with confidence, concluded, that were it 
poſſible for us to aſcend to the beight of 24, doo 
feet, above the earth, we ſhould always and 

univerſally meet with the ſame degree of cold, 

and that cold exceſſively ſevere. + We ſhould : 
remark there no ſenſible difference during 


either ſummer or winter, under the equator, or : 


near the poles. At this height, and till higher, 5 
the ſtate of the atmoſphere is univerſally, and 


at all ſeaſons, the ſame; and the variations of 


heat and cold take place near the ſurface of the 


eceeeurth alone. It 18 only i in theſe inferior regions, that 
5 effect of the rays of the ſun becomes percepti- 


ble. You have, undoubtedly, ſome curioſity to 
know the reaſon of this. It ſhall be the — of 
the following letter. 


4 iff Moy, 1760 


* About FE miles Engliſh. 


7 M. Charles, in his atrial voyage of the 1ſt Dec. 3 felt 
this change of temperature in a very ſenſible manner; for then, 
on, the ſurface of the earth, the fluid in the thermometer 
ſtood at 79 above the freezing point, and after about 10 minutes 
of aſcenſion, it had fallen to 5 below it.—F. E. TT 


LETTER 
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LETTER XVI 


The Cold, felt on bigh Mountains and at great Depths, 


accounted for. 


TT appears very ſurprizing, that we ſhould feel 
1 the fame degree of cold in all regions, after 
we have riſen to a certain height, ſay 24, ooo feet; 
conſidering that the variations with reſpect to heat, 
on the earth, not only | in different climates, but 
in the ſame country, at different ſeaſons of te 
year, are ſo perceptible. This variety, which takes 5 
place at the ſurface of the globe, Is undoubtedly 
occaſioned by the ſun. It appears, at Brſt fight, 
that his influence muſt be the ſame above and be-. 
low, eſpecially when we reflect, that a beight of 
24, ooo feet, or a mile, though very great with 
reſpect to us, and even far beyond the height of 
the loftieſt mountains, is a mere nothing, com- 
pared to the diſtance of the ſun, which 1s about | 
thirty millions of miles.* This is, therefore, a very 
important difficulty, which we muſt endeavour to 
- ſolve. For chis purpoſe I begin with remarking, 


* Mr. Euler always means German miles, of 4000 fathoms _ 
each, or ſomewhat under 4? miles Engliſh.—E. E. 
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that the rays of the ſun do not communicate heat 
to any bodies, but ſuch as do not grant them a 
free paſſage. You know that bodies, through 
which we can diſcern objects, are denominated 
tranſparent, pellucid, and diaphonous. Theſe bodies 
are glaſs, cryſtal, diamond, water, and ſeveral 
other liquids, though ſome are more or leſs tranſ- 
parent than others. One of theſe tranſparent bo- 
bodies being expoſed to the ſun, is not heated to 
ſuch a degree as a body not tranſparent, as wood, 
iron, &c. Bodies not tranſparent are denominated 
opaque. A burning- glaſs, for example, by tranſ- 
mitting the rays of the ſun, ſets on fire opaque 
bodies, while the glaſs itſelf is not ſenſibly heated. 
Water expoſed to the ſun becomes ſomewhat | 
warm, only becauſe it is nor perfectly tranſparent ; - 
when we ſee it conſiderably heated by the ſun at 
the brink of rivers, it is becauſe che bottom, be- 
ing an opaque body, is heated by the rays which 
the water tranſmits. Now, every heated body 


N communicates that heat to all adjoining bodies; 


the water accordingly derives heat from the bot- | 
tom. If the water be very deep, ſo that the rays 
cannot penetrate to the bottom, it bas no per- 
| ceptible heat, though the ſun bears upon it. 
As air is a very tranſparent body, to a much 
higher degree than glaſs or water, it follows, that it 


cannot be heated by the ſun, becauſe the rays are 


freely tranſmitted through 1 it. The heat which we 
frequently 
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69 
frequently feel in the air, is communicated to it 
by opaque bodies, which the rays of the ſun have 
heated; and were it poſſible to annihilate all theſe 
bodies, the air would ſcarcely undergo any change 
in it's temperature by the rays of the ſun: ex- 
poſed to it or not, it would be equally cold. But 
the atmoſphere is not perfectly tranſparent: 1 . 
even ſometimes ſo loaded with vapours, that it 
loſes almoſt entirely it's rranſparency, and preſents 
only a thick fog. When the air is in this ſtate, ; 
the rays of the ſun have a more powerful influence 
vpon it, and heat it immediately. . 
But theſe vapours riſe to no great height; at 
the height | of 24,000 feet, and beyond, hear is 
ſo ſubtile and fo pure, that it is perfectly tranſl. 
parent ; and for this reaſon the rays of the ſun 
cannot immediately produce any effect upon it. 
This air is likewiſe too remote from terreſtrial bo- 
_ dies, to receive a communication of hear from 
them; they act only upon ſuch as are adjacent. 
; Hence you will eaſily perceive, that the rays. of 
the fun cannot produce any effect in regions of the 
air very much elevated above the ſurface of the | 
earth ; and that the fame degree of cold muſt al- 
ways, and univerſally, prevail in ſach regions, as 
the ſun has no influence there, and as the heat of 
terreſtrial bodies cannot be communicated ſo far. 


This 1 18 nearly. the cafe on the ſummit of very high 
F 3 x mountains, 
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mountains, where it is always much colder than 
on plains and in vallies “. 

Th city of Quito, in Peru, 15 almoſt under the 

: equator, and were we to form our judgment from 

it's ſituation on the globe, we would fuppoſe it 

: oppreſſed with intolerable heat; the air, however, 


is abundantly temperate, and differs very little 


from that of Paris. Quito 18 ſituated at a great 
8 height above the real ſurface of the earth. In go- 
ing to it from che ſea ſhore, you have to aſcend 
for ſeveral d days; ; it is accordingly built in an ele- 
vation equal to that of our higheſt mountains, 
though ſurrounded by others ſtill much higher, 
called the Cordeliers. This laſt circumſtance 
would afford a reaſon for thinking, that the air | | 
there muſt be as hot as at the ſurface of the earth, : 
as it is contiguous, on all ſides, to opaque bodies, 
on which the rays of the ſun fall. The objection 
is ſolid ; and no ſolution can be given but this. 


” There are clouds, however, above theſe mountains, and 
in almoſt as great a quantity as above the plains, which is de- 
monſtrated by the ſnows, which cover the higheſt ſummits. 


15 There are few naturaliſts who have not been ſurprized by clouds 
in their excurſions upon the mountains. The heat that is felt 


vhen ſuch clouds are formed, muſt be attributed almoſt entirely 
to the tranſmiſſion of the water which found itſelf diſſolved in 
the air, under the form of elaſtic fluid, to a liquid ſtate. The 
heat of the ſolar rays, intercepted by the cloud, can produce no 


change in the inferior temperature, as it would have . tranſ· - 
mitted from the ground. —F. " 


That 
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That the air at Quito, being very elevated, muſt 
be much more ſubtile, and of leſs gravity than 
with us; and the barometer, which always ſtands 
conſiderably lower, inconteſtably proves it. 
Aäir of ſuch a quality is not ſo ſuſceptible of 
heat as common air, as it muſt contain leſs vapour 
and other particles which uſually float in the at- 
6 moſphere ; and we know by experience, that air, 
very much loaded, is proportionably ſuſceptible of 
heat. I muſt here ſubjoin another phenomenon, 
no leſs ſurprizing : In very deep pits, and lower 
ſtill, if i it were ſtill poſſible to deſcend, the ſame 
degree of heat always, and univerſally, prevails, 5 
and nearly for the ſame reaſon. As the rays of 
the ſun exert their influence only on the ſurface of | 
1, the earth, and as the heat which they there excite ; 
communicates icſelf up and down, this effect, at 
very great depths, is almoſt imperceptible. The 
ſame thing holds reſpecting conſiderable heights. _ 
This elucidation will, 1 flatter myſelf, prove fatiſ- 
5 fatory.® „ 
3d Jane, 1760 - 


LETTER 


* The a which Profeſſor Euler aligns for the cold that | 
prevails | in the higher regions of the atmoſphere ſeems plauſible, 
but will not ſtand an accurate examination. Light is much im- 
paired in it's paſſage through the atmoſphere, and the heat com- 

municated is in every caſe proportional to the quantity of ab- 
ſorption. It appears, from ſome ingenious experiments of M. 
Bouguer, that we receive only four-fifths of the rays of a vertical 

= 4 ſun, 


- 
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LETTER XVI. 
Of Light, and the Syſtems of Deſcartes and Newton. 


IIAVING ſpoken of the rays of the ſun, 
H which are the focus of all the heat and 
light that we enjoy, you will undoubtedly aſk, 
What are theſe Tm ?. This is . queſtion, 
— one 


| | fun ; and when that luminary approaches the horizon, the por- 


tion of his light, which reaches the ſurface of the earth, is much 8 


ſmaller: Thus, at an elevation of 20 degrees, it is one-half; at 
' that of 10 degrees, one-third ; and at that of five degrees, one- 
eighth. Hence, the ſun· beams are moſt powerful on the ſum- 
mits of lofty mountains, for they ſuffer the greateſt diminution 
in paſting through the denſe air of the lower regions. If the air 
derived it's heat from the ſurface of the earth, thoſe countries = 
would be warmeſt which enjoyed the greateſt quantity of ſun- nine. 
The Br itiſn iſlands are ſhrouded ; in clouds nine months of the 
year; yet our climate is milder than that of the ſame parallel on 
the Continent, where the ſky is generally ſerene. The elevated 
town of Quito, expoſed to a brilliant ſun, enjoys a temperate | 
air; while the Peruvian plains ſhaded with fleecy clouds, are 
parched with heat. Were the reaſoning in the text to be ad- 


mitted, we ſhould conclude, that the tops of mountains are 


warmer than their baſes. To ſay that air, much rarefied, is not 


ſuſceptible of heat, is a very extraordinary aſſertion, ſince we 


are acquainted with no ſubſtance whatever that may not be 
heated. Beſides, a more intenſe cold may be artificially produced 
than whatprevails in the lofty regions of the atmoſphere. We 
muſt recur to other principles for the true ſolution of the fact. 
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one of the moſt important inquiries in phyſics, 
as from it an infinite number of phenomena is de- 
rived. Every thing that reſpe&s light, and that 


renders objects viſible, is cloſely connected with 
this inquiry. The ancient philoſophers ſeem to : 
have taken little intereſt in the ſolution of it. 
They contented themſelves with ſaying, that the 
ſon 


„„ 


It is indifferent what portion of the air firſt receives the heat; 
ihe effect depends entirely on the nature of it's diſtribution. A 
the atmoſphere were of an uniform denſity throughout, the heat 
would, at all heights, be likewiſe the ſame. But as the denſity | 


varies according to the altitude, the diſtridution of heat 1s affect- 


ed by that circumſtance, and follows a certain correſponding 
law. I would gladly develope the principles from which this 
theory is deduced, but the popular nature of the preſent treatiſe 
- forbids all abſtract diſcuſſion. I ſhall, therefore, content myſelf 
with giving a table of the diminution. of heat at different al- 


titudes. 
> Altitude in et. Diminution of heat, in degrees, = 
. „%% of Farenheit, 
JJ 
15,0o0hͤ— — — 682 
18,000 — — 2 2 86 
21,000 — — = — 941 


The diminution of heat, on the aſcent, is not quite ſo great in 


extenfive continents ; for the intercourſe between the rare and 
the denſe portions of the atmoſphere is, in this caſe, neceſſarily 


flow, and the heat, which is principally formed at the ſurface, 


will only be partially difperſed. _ 
It 
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fun is bee with the air of ſhining, of 
giving heat and light. But is it not worth while 
to inquire, Wherein does this quality conſiſt? 
Do certain portions, inconceivably ſmall, of the 
ſun himſelf, or of his ſubſtance, come down to 
us? Or is the tranſmiſſion ſimilar to the ſound of 
— bell, which che ear receives ? though no part of | 


It is a common miſtake to ſuppole, that the ſame heat obtains, 


at a certain depth, in every part of the globe. Ihe fact is, that 


heat, originally derived from the ſun, is communicated very 
ſlowly to the matter below the ſurface, which, therefore, does 
not feel the viciſſitude of ſeaſons, but retains the average tem- 
perature of the climate for many ages. Hence the utility of e- 
amining the heat of ſprings, which is the ſame with that of the 
ſubſtances through which they flow. The following table exhi- 


bits the average heat of places on the level of the ſea, computed | 
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by the celebrated aſtronomer, Profeſſor Meyer, for my five 


degrees of latitude, 
| Latiude,”. Average T emperature. I r atitude. Average 15 gms 
V C a : 
DD a — ot F 
10 :- 1 — — 46 
15 — — go S em 41E 
20 — — 78 3 BT 38 
3 cas; © 75 — — 36 
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pg By comparing this table with the preceding, it is eaſy to diſ- 
cover, for any latitude, the altitude of the curve of congelation, . 
or where the average temperature is 329 E. E. 


the 
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the ſubſtance of the bell be ſeparated from it, as I 
obſerved in explaining the propagation and per- 
ception of ſound. | 

Deſcartes, the firſt of modern philoſophers, main- 
tained this laſt opinion and having filled the 
whole univerſe with a ſubtile matter compoſed E 
ſmall globules, which he calls the ſecond element, 

he ſuppoſes that the ſun is in a ſtate of continual 
agitation, | which he tranſmits to theſe globules, 
and pretends that they again communicate their 

motion, in an inſtant, to every part of the univerſe. 

But ſince it has been diſcovered, that the rays of 
the ſun do not reach us inſtantaneouſly, and that 

= they take eight minutes to fly through that im- 
menſe diſtance , the opinion of Deſcartes, which 5 
laboured beſide under other difficulties, has been 

: gies. vp> 
The great Newton afterwards embraced the for- 

mer ſyſtem, and maintained, that the luminous 
rays are really ſeparated from the body of the ſun, 
and the particles of light thence emitted with that 

: inconceivable velocity which brings them down 

to us in about eight minutes. This opinion, 


* This important fact was ed toward the end of 3 
0 laſt century, by Roemer, a learned Dane, of the ancient Aca- _ 
demy of Sciences. It was an inequality of the ſatellites of 
Jupiter which led him to it. The cauſe of this aberration, diſ- 


covered by Bradley, in 1728, inconteſtably demonſtrates the ſame 
5 Phenomenon. —F. E. 


8 
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which is that of moſt modern philoſophers, patti- 
cularly the Engliſh, is called the fem of emanation ; 
it being imagined, that rays emanate from the ſun, 
and other luminous bodies, as water emanates, or 
ſprings, from a fountain. 


This opinion appears, at firſt ght, very bold, 


: and 1rreconcileable to reaſon. For were the ſun . 


emitting continually, and in all directions, ſuch 
floods of luminous matter, with a velocity ſo pro- 
digious, he muſt ſpeedily be exhauſted, or, at 
leaſt, ſome alteration muſt, after the lapſe of ſo 


many ages, be perceptible. This, however, * 5 


contradicted by obſervation. It cannot be a matter 
of doubt, that a fountain, which ſhould emit 


h ſtreams of water in all directions, would be ex- 


| hauſted, in proportion to the velocity of the emiſ- - 
fion ; much more the ſun, whoſe rays are emitted 
with a velocity ſo inconceivable. Let the par- 


ticles, of which rays of light. are formed, be ſup- 


poſed as ſubtile as you pleaſe, nothing will be 
gained: the ſyſtem will ever remain equally un- 
” tenable. It cannot be affirmed, that this emana- 
8 tion 1s not made 1 in all directions: : for, wherever 5 
you are placed, the whole ſun is viſible, which 
proves inconteſtably, that rays from every point of 25 
the ſun are emitted toward the ſ pot which you oc- 
cupy. The caſe is very different from that of a 
fountain, which ſhould emit ſtreams of water in 
all directions. For one point in the fountain could 


furniſh 
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furniſh only one ſtream directed to a particular 
ſpot, but every point of the ſun's ſurface muſt 
emit an infinite number, diffuſing themſelves in 
all directions. This circumſtance alone infinitely 
increaſes the expenditure of luminous matter, 
which the ſun would have to make. 

Another difficulty, and which appears equally 
inſuperable, is, that the ſun is not the only body 
which emits rays, but that all the ſtars have the 
ſame quality : and as every where the rays of the 
ſun muſt be crofling the rays of the ſtars, their 
collifion muſt be violent in the extreme. How q 
muſt their direction be changed by ſuch colliſion! 
This collifion muſt take place with reſpect to all 


- luminous bodies, viſible at the ſame time. Each, g 


| however, appears diſtinctly, without ſuffering the 
ſlighteſt derangement from any other: a certain 
proof that many rays may paſs through the ſame 
point, without diſturbing each other, which ſeems . 
irreconcileable to the ſyſtem of emanation. Let 
twa fountains be ſet a playing upon each other, : 
and you will immediately perceive their different 
ſtreams diſturbed and confounded : it muſt, of 
conſequence, be concluded, that the motion of the 
_ rays of light is very eflentially different from that 
of a jet d'eau, and, in general, from all ſubſtances 
forcibly emitted. EEE oy 
Conſidering, afterwards, tranſparent bodies, 
through which rays are freely tranſmitted in all 
6 directions, 
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directions, the ſupporters of this ſyſtem are under 
the neceſſity of affirming, that theſe bodies contain 
| pores, diſpoſed in ſtraight lines, which iſſue from 
every point of the ſurface, and proceed in all di- 
rections; it being inconceivable how there could 
be any line through which a ray of the ſun might 
be tranſmitted with ſuch amazing velocity, and 
even without the lighteſt collifion. Here, then, 
are bodies wonderfully porous, which have the 
nn nevertheleſs, of being extremely ſolid. 
” inally, in order to enjoy viſion, the rays muſt 
enter into the eye, and penetrate it's ſubſtance with 


the ſame velocity. All theſe difficulties, taken to- 1 55 


| gether, will, 1 doubt not, ſufficiently convince you, 
that the ſyſtem of emanation has, in no reſpect, a 
foundation in nature; and you will certainly be 
aſtoniſhed, that it could have been conceived by ſo 
great a man, and embraced by ſo many enlightened 
philoſophers. But it 15 long ſince Cicero remark- _ 
ed, that nothing ſo abſurd can be imagined, as to 
find no ſupporter among philoſophers, | For my 
part, I am too little a philoſopher to art che 5 
opinion in queſtion. 


5 oth June, | rok : 


LETTER 
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LETTER XVII. 


* — the Syſtem of Emanation. 


* Dabartin, in order to o ſupport his theory, was 
under the neceſſity of filling the whole ſpace of the 
| heavens with a ſubtile matter, through which all 
the celeſtial bodies move at pertect liberty. But 
E well known, chat if a body moves in air, it 
muſt meet with a certain degree of reſiſtance ; ; 
from which Newton concluded, that, however 
ſubtile the matter of the heavens may be ſu ppoſed, 
the planets muſt encounter ſome reſiſtance in 
je, this motion is not 
ſubject to any reſiſtance: t le immenſe ſpace of the 


heavens, therefore, conta ns no matter. A per- 
fect 


their motions. But, ſaid 


OW EVER ſtrange the doctrine of the cele- 
| brated Newton may appear, that rays pro- 
852 irom the ſun, by a continual emanation, it 
has, however, been ſo generally received, that it 
requires an effort of courage to call i it in queſtion. 
What has chiefly contributed to this, | is, no doubt, 
the high reputation of the great Engliſh philoſo- 
pher, who firſt diſcovered the true laws of the mo- 
tions of the heavenly bodies : : and it is this very 
horny which led him to the ſyfiem | of ema-. 


. 4, 
: 
' 
+. 
1 
x 
.12 
4B 
* 
7 : 14 
+ 
19 
. 
» 0 
: : 
17 
1 
- 
* 


— - — — - moo ob aw — 
—— c —T—. — 
— — — * 


80 LETTERS TO 


fect vacuum, then, univerſally prevails. This is 
one of the leading doctrines of the Newtonian phi. 
loſophy, that the immenſity of the univerſe con- 
tains no matter, in the ſpaces not occupied by the 
heavenly bodies. This being laid down, there is 
between the ſun and us, or at leaſt from the ſun 
down to the atmoſphere of the earth, an abſolute 
vacuum. In truth, the farther we aſcend, the 
more ſubtile we find the air to be; from whence it 
would apparently follow, that at length the air 
would be entirely loſt. If the ſ pace between the 
ſun and the earth be an abſolute vacuum, it is im- 
poſſible that the rays ſhould reach vs in the way of 
communication, as the ſound of a bell 1 is tranſ- 


mitted by means of the air. For if the air, inter- 


vening between the bell and our ear, were to be 
annihilated, we ſhould abſolutely hear nothing, let 
the bell be ſtruck ever ſo violently. 15 
. Having eſtabliſhed, then, a perfect vacuum 6. 
tween the heavenly bodies, there remains no other 
opinion to be adopted, but that of emanation: 
which obliged Newton to maintain, that the fun, 
and all other luminous bodies, emit rays, which are 
always particles, infinitely ſmall; of their maſs, 
darted from them with incredible force. It muſt 
be ſuch to a very high degree, | in order to impreſs 
on rays of light that inconceivable velocity with 
which they come from the ſun to us, in the ſpace 
of eight minutes. But let us ſee whether this 


9 7 
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theory be conſiſtent with Newton's leading doc- 
trine, which requires an abſolute vacuum in the 
heavens, that the planets may encounter no man- 
ner of reſiſtance to their motions, You muſt con- 
clude on a moment's, reflection, that the ſpace in 
which the heavenly bodies revolve, inſtead of re- 
maining a vacuum, muſt be filled with the rays, | 
not only of the ſun, but likewiſe of all the other 
ſtars which are continually paſſing through it, 
from every quarter, and i in all directions, with ! in- 
credible rapidity. The heavenly bodies which 


cuum, will meet with che matter of luminous rays 
i terrible agitation, which muſt diſtub theſe 
5 bodies i in their motions, much more than if it were 
in a ſlate of reſt. | 1 5 
. Thus Newton, apprehenſive leſt a bel matter, . 
ſuch as Deſcertes imagined, ſhould. diſturb the 
motions of the Planets, had recourſe to a very 
ſtrange expedient, and quite contradictory to his 
own intention, as, on his hypotheſis, the Planets 
muſt be expoſed to a derangement. infinitely more 
conſiderable. 1 have already ſubmitted to you ſe. 


of emanation ; and we have now ſeen that the prin- 
cipal, and indeed the only reaſon, which could i in- 
duce Newton to adopt it, is fo ſelf. contradictory as 
_ wholly to overturn it. All theſe conſiderations 
united, leave us no room to hefirate about the 
Var. 1 G 80 rejection 


traverſe theſe ſpaces, inſtead of encountering a va- 


veral other inſuperable objections to the ſyſtem ED 
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rejection of this ſtrange ſyſtem of the emanation of 


light, however reſpectable the authority of the phi- 


loſopher who invented it. 
Newton was, without doubt, one of the greateſt 


geniuſes that ever exiſted. His profound know- 


ledge, and his acute penetration into the moſt 


hidden myſteries of nature, will be a juſt object of 


admiration to the preſent, and to every future age. 


But the errors of this great man ſhould ſerve to 
admoniſh us of the weakneſs of the human under- 
ſanding, which, after having foared to the great- 


eſt poſſible heights, is in danger of plonging into 
manifeſt contradiction. 


19h June, nos 


* The pious, as well as Larne and | ingenious, Author, i in the 


firſt edition of theſe letters, ſubjoined to this reflection on New- 
ton's doctrine of emanation, a ſeries of reflections, which do equal 
| honour to his underſtanding ang his heart. 
for what reaſon it does not appear, has thought proper to ſup- 
preſs them. Could he f imagine a philoſophical work diſgraced | 

by a modeſt, and not unſcaſonable, infuſion of religious ſenti- 
ment? Be how It will, the Engliſh Editor felt himſelf obliged to 


_ reſtore the paſiage, in preſenting the too long neglected Euler to 
to the Britiſh nations. 


'F he French Editor, 


It follows: 1 
„If we are liable to ts and inconſiſtencies ſo humi- 


„ lating, in our reſcarches into the phenomena of this viſible 
world, which lies open to the examination of our ſenſes, ho- 


be wretched muſt we have been, had God left us to ourſelves 
| TEK 90 with 9 
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A differen Sem, reſpeRing the Nature of Rays and. 
of Light, Propoſed. 


FOU have ſeen that the ſy ſtem of the emana- 
tion of the rays of light labours under i in- 

ſaperable difficulties, and that the. doctrine of a 
vacuum, for the heavenly bodies to range in, s 

| equally untenable ; 1 the rays of light would 
completely | fill it. Two things, then, muſt be ad- 
mitted : firſt, the ſpace through which the he- 
venly bodies move, 18 filled with a ſubrile matter; 3 


with reſpeA to things inviſible, and which concern our eternal 
« ſalvation ? On this important article, a Revelation was abſo- 


« lutely neceſſary to us; and we ought to avail ourſelves of it, 


with the moſt profound veneration. When it preſents to us 
& things which may appear inconceivable, we have but to reflect 
e on the imperfection of human underſtanding, which is fo apt 
4. to be milled, even as to ſenſible objects. Whenever I hear a 
oF * pretended Freethinker inveighing againſt the truths of reli- 
« gion, and even ſneering at it with the moſt arrogant ſelf. ſuffi- 
70 ciency, I ſay {to myſelf: poor weak mortal, how inexpreſſi- 
« bly more noble and ſublime are the ſubjects which you treat 
« ſo lightly, than thoſe reſpecting which the great Newton was ſo 
« groſsly miſtaken! I could wiſh your Highneſs to keep this re- 
1 flection ever in remembrance : occafions tor making. i occur 


4+ but too frequently. "—E. E. 
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ſecondly, rays are not an actual emanation from 
the ſun and other luminous bodies, in virtue of 
which, part of their ſubſtance is violently emitted 
from them, according to the doctrine of Newton *. 
That ſubtile matter, which fills the whole ſpace 
in which the heavenly bodies revolve, is called 
Ether. Of it's extreme ſubtility no doubt can be 
entertained. In order to form an idea of it, we 
have only to attend to the nature of air, which, 
though extremely ſubtile, even on the ſurface of 


Nu The materiality of light is ſupported by the moſt convincing 
proofs that phyſics can afford. The inflection, reſraction, and 
: reflection of it's rays, ſnew manifeſtly that, like other bodies, it 
is ſubject to attraction and repulſion ; and the ſimple application 
of the doctrine of forces not only explains ſatisfactorily the phe- . 

nomena, but aſſigns the preciſe effects with the moſt perfect ac- 
curacy. The difficulties which ſeem to attend the theory of ema- 
nation vaniſh on a cloſe inveſtigation. | So vaſt is the tenuity of 
light, that it utterly exceeds the powers of conception. The 
moſt delicate inſtrument has never been certainly put in motion 
by the impulſe of the accumulated ſun-beams. Even on the moſt | 


__ unfavourable ſuppoſition, it appears from calculation, that, i inthe. © 


Fo ſpace of 38 551 39,090 Egyptian years, (of 360 days) the ſun would 


Joſe only the I en of his bulk, from the continual efflux a 
of light. On the ſame hypotheſis, the force impreſſed upon the 
earth by each emiſſion, is ſuch as would make it recede only the 
two billionth part of an inch in an hundred ſeconds, and it s ef- 
fect, during a ſeries of ages, would, therefore, be altogether 1 in- 


ſenſibhle. After ſtating numbers of a magnitude ſo enormous, it 


would be ſuper fluous to conſider the quantity of ſtroke which me” 
eye receives. . 
the 
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the earth, becomes more and more ſo as we aſcend; 
and entirely ceaſes, if 1 may uſe the expreſſion, 
when it comes to be loſt in the ether. The ether, 
then, is likewiſe a fluid, as the air is, but incom- 
parably finer and more ſubtile, as we are aſſured 
that the heavenly bodies revolve freely through 1 it, ” 
without mecting any perceptible reſiſtance. It 0 
alſo, without doubt, poſſeſſed of elaſticity, by 
means of which it has a tendency to expand itſelf 
in all directions, and to penetrate into ſpaces where 
there would otherwiſe be a vacuum; ſo that if, by 
ſome accident, the ether were forced out of any 
ſpace, the ſurrounding fluid would inſtantly ruſh 
in, and fill! it again. „ 
In virtue of this elaſticity, the ether is to be 
- found, not only! in the regions which are above our 
= atmoſphere, but it penetrates the atmoſphere uni- 
verſally, inſinuates itſelf by the pores of all bodies, : 
and paſſes irreſiſtibly through them. Were you, 


by the help of the air-pump, to exhauſt the air 


from a receiver, you muſt not imagine that you 
have produced: an abſolute vacuum; for the ether, : 
fotcing itſelf through the pores of the receiver, 
com pletely fills it in an inſtant. Having filled a 
glaſs tube, of the proper length, with mercury, 
and immerged it, when inverted, | in the ciſtern, 1 in 
order to make a barometer, it might be ſuppoſed, 
that the part of the tube which is higher than the 
mercury is a vacuum, becauſe the air is com- 


G 3 pletely 
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pletely excluded, as it cannot penetrate the pores 
of glaſs: but this vacuum, which is apparent 
only, is undoubtedly ſupplied by the ether, in- 
ſinuating itſelf without the ſmalleſt difficulty. 
It is by this ſubtility and elaſticity of ether, that 
1 ſhall, by and by, explain to you the remarkable 
phenomena of electricity. It is even highly pro- 
bable, that ether has an elaſticity much ſuperior 
to that of air, and that many of the phenomena of 
nature are produced by means of i it. For my own 
| part, 1 have no doubt that the compreſſion « of the 
air in gunpowder ! is the effect of the elaſtic power 5 
of ether. And as we know, by experiment, that 


the air in it is condenſed almoſt 1000 times more 
than common Air, and that, in this ſtate, i 


elaſticity | 18 likewiſe 1000 times greater, the elaſti- 
city of the ether muſt, in this caſe, be ſo too, and 
conſequently 1000 times greater than chat of com- 
mon air. We ſhall then have a juſt idea of ether, 
i conkidering it as a fluid in many reſpects ſimilar 
- 40 Kir, with this difference, that ether is incom- 
N more ſubtile and more elaſtic (. 8 
- Having ſeen, then, that the air, by theſe very qua- 
lities is in a pi oper ſtate for i eceiving the agitations, 
or ſhak kings, of ſonorous bodies, and to diffuſe tbem 
in all directions, as we find in che propagation of 


* This, perhaps, is what, in modern times, they denominate 
the matter of heat.— F. E. 


found, 


A GERMAN PRINCESS, <7; oF 


ſound, it is very natural to ſuppoſe that ether 
may, in the ſame circumſtances, likewiſe receive 
agitations in the ſame manner, and tranſmit them 
to the greateſt diſtances *. As the vibrations of the 
air produce ſound, What will be the effect of thoſe 
of ether? You will undoubtedly gueſs, at once, 
light. it appears, in truth, abundantly certain, 
that light is, with reſpect to ether, what ſound | is, | 
with reſpect to air; and that the rays of light are 
85 nothing elſe but the ſhakings, or vibrations tranſ- 
mitted by the ether, as r conſiſts in the ſhak. 
: ings, or vibrations, tranſmitted by the air. 
The ſun, then, loſes nothing of his ſubſtance, 
in this caſe, any more than a bell in vibrating; 
and, in adopting this ſyſtem, there is no reaſon to 
apprehend, that the maſs of this orb ſhould ever 


5 The hypotheſis of an ben is a e attempt to pr eclude the : 
neceflity of admitting ackion at a diſtance. It has been a received 7 
maxim, that cauſe and effect muſt exiſt in the ſame place ; but 

the leaſt reflection will convince us, that, were this pr inciple true, 

= there could never be any communication of motion. The diffi- 
culty is really the ſame, to conceive action exerted at the diſtance 


of the thouſandth part of an inch, as at that of a thouſand miles. 
The particles of matter are far from being in mutual contact, 


i otherwiſe all bodies would have the ſame denſity, and be totally 
incapable of compreſſion. Were the univerſe an abſolute plenum, 
motion and animation would for ever ceaſe. To aſcribe to ether 
an extreme rarity, an 1 at the ſame time to aſſert, that it fills all 
ſpace, and pervades all bodies, is a contradiction in terms. But 
the hypotheſis is fo big with abſurdity, that it deſerves not a par- 
ticular examination. See ncte, p .46,——E. E. 


= CF ſuffer 


ſuffer any diminution. What I have faid of the 
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tun, muſt alſo be extended to all luminous bodies, 


ſuch as fire, A WAX taper, a candle, &c. 


It will, undoubtedly, be objected, that theſe ter- 


| refirial luminaries evidently waſte, and that, unleſs 
they are continually fed and kept up, they will be 
ſpeedily extinguiſhed ; that conſequently the ſun 
muſt, in time, be waſted away, and that the 
parallel of a bell is not accurate. But it is to be 
conſidered, that theſe fires, beſides their light, 
throw out ſmoke, and a great deal of exhalation, 
which muſt be carefully diſtinguiſhed from the 
rays of light. ; Now the ſmoke and exhalation 
evidently occafion a conſiderable diminution, 
which muſt not be imputed to the rays of light; 
for, were it poſſible to ſeparate them from the 
ſmoke, and other exhalations, the luminous quality 

7 alone would occaſion no expenditure. 
2 may; by means of art, be rendered luminous, as 
vou have probably ſeen, and chat without any di- 
minution of it's ſubſtance, which proves that light 
: alone produces no waſte of luminous bodies. 
Tbus, though the ſun illuminates the whole world 
by his rays, he loſes nothing of his own ſubſtance, _ 
his light being only the effect of a certain agita- 
tion, or violent concuſſion of his minute particles, 
communicated to the adjoining ether, and thence 
tranſmitted in all directions, by means of this 


Mercury | 


fluid, to the remoteſt diſtances, as a bell, when 


ſtruck, 
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ſtruck, communicates it's own agitation to the 


circumambient air. The more we conſider this 
parallel between ſonorous and luminous bodies, 
the more we ſhall find it conformable to nature, 


and juſtifiable by experience; whereas, the more 
we attempt to reconcile the phenomena of nature 
to the ſyſtem of emanation, the more difficulties : 


we encounter. 


5 555 1760. 


| Of the Projgetion of Light. 


\HE propagation of light, i in the ether, i is 


on account of it's extreme ſubtiliry, in virtue of 
which it penetrates all bodies. 


Theſe bodies, however, modify the rays of light, = 
in many different ways, by tranſmitting, or ſtop- 


Ping, 


produced in a manner ſimilar to that of 7 

: band, in the air; and, juſt as the vibration occa- 
fioned | in the particles of air conſtitutes ſound, 1 in 
like manner, the vibration of the particles « of ether 

| conſtitutes light, or luminous rays; ſo that light 


is nothing e Ile but an agitation, or concuſſi ion, of the par- 
ticles of ether, which is every where to be found, 
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ping the propagation of the concuſſions. Of this 


I ſhall treat at large in the ſequel. I confine my- 
elf, at preſent, to the propagation of rays in the 


ether itſelf, which fills the immenſe ſpace in which 


the heavenly bodies revolve. There the propaga- 
tion takes place in perfect liberty. The firſt thing 


which here preſents itſelf to the mind. is the pro- 


digious velocity of the rays of light, which 1s 
about 900, oo times more rapid "thaw that of 


ſound, though this laſt travels no leſs than 2000 
feet in a ſecond. 


This amazing velocity would be ſufficient, of 


itſelf, to overturn the ſyſtem of emanation; but! in 
that which 1 am attempting to eſtabliſh, it is a na- 
tural conſequence, from the principles laid down, | 
as I hope to demonſtrate. ' They are the ſame with 
thoſe on which i is founded the propagation of ſound 
in the air, and this depends at once on it's denſity : 
and elaſticity. It is evident, that if tue denſity of 
air were diminiſhed, ſound would be accelerated, 
and if the elaſticity of the air were increaſed, the 
ſame thing would happen. If the denſit ty of the 
air diminiſhed, and! it's elaſticity increaſed at once, 
we ſhould have a two. fold reaſon for the increaſe 
| of the velocity of ſound. Let us conceive, then, 
the denſity of the air diminiſhed, and it's elaſticity | 


increaſed, till it's denſity and elaſticity became 


equal to thoſe of ether, and we ſhould then no 


longer be ſurprized, that the velocity of ſound bad 
become 
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become many thouſands of times greater than it 
actually is. For you will be pleaſed to remember, 
that, according to the firſt ideas we formed of 
ether, this fluid muſt be inconceivably rarer, and 
more elaſtic, than air. Now, both of theſe quali- 
ties equally contribute to accelerate the velocity of - 
vibrations. F rom this explanation, the prodigious 
velocity of light is ſo far from preſenting any thing 
irreconcileable to reaſon, that it rather perfect 7 
harmonizes with the principles laid down; and the 
parallel between light. and ſound | is, in this reſpect, 
0 firmly eſtabliſhed, that we may confidently 
maintain, That 1 air ſhould become as ſubtile, 
and as elaſtic as ether , the velocity of ſound would 
become as rapid as that of light. 
The ſubtility of ether, then, and 1 ny s great elaſti- . 
city, are the reaſon which we aſſign for the prodi- 
gious velocity of the motion of light; and fo long 
as the ether preſerves this fame degree of ſubtility | 
and elaſticity, this velocity muſt continue the 
ſame Now, it cannot be doubted, that the ether 
has, through the whole univerſe, the ſame ſubtility 
and the Gans elaſticity. F or were the ether leſs 
elaſtic in one place than in another, it would force 
ſelf 1 into it, till the equilibrium was perfectly re- 
ſtored. The light of the ſtars, therefore, moves 
with as great velocity as that of the ſun; and as 
the ſtars ale at a much greater diſtance from us 


than the ſun, a much greater quantity of time is 
requiſite 
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requiſite to tranſmit their rays to us. However 
great the diftance of the ſun may appear, whoſe 
rays, nevertheleſs, reach the ſurface of « our globe 1 In 
eight minutes, the fixed ſtar neareſt to us 1s, -at 
leaſt, 400,000 times more diſtant than the ſun : a 
ray of light iſſuing from that ſtar will employ then 
409,000 times eight minutes in travelling to us, | 
that is 532333 hours, or 2,222 days, or ſix years, 5 
nearly. 
e then, upwards of fix years ſince the rays 
-- 0 light iſſued from that fixed ſtar, the leaſt re- 
mote, and probably the moſt brilliant, in order to 
render it viſible to us, and theſe rays have em- 
7 8 ployed a period ſo conſiderable, to fly through the 
ſpace which ſeparates us from that ſtar. Were 
God, Juſt now, to create a new fixed ſar, at the 
_ fame diſtance, it could not become viſible to us, 
till more than ſix years had elapſed, as it's rays 
5 require that length of time to travel this diſtance. 
Had one been created at the beginning of the 
World, a thouſand times more diſtant than that 
which 1 have mentioned, it could not yet be viſi- 
N to us, however brilliant, as 6000 years are not 
yet elapſed fince the Creation. The firſt preacher 
of the court of Brunſwick, Mr. Jeruſalem, has 
happily introduced this thought in one of his ſer- 
mons 3 the pallage runs thus : 
« Raiſe your thoughts from the earth which 
t you inhabit, to all che bodies of the vaſt uni- 
EG verſe, 
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c yerſe, which are fo far above you: launch into 
ce the immenſity of ſpace which intervenes between 
ce the moſt remote which your eyes are able to 
* diſcover, and thoſe whoſe light, from the mo- 
ment of creation till now, has not as yet, per- 
cc haps, come down to us. The immenſity of 
« the kingdom of God juſtifies this repreſenta- 
£ tion.” (Sermon on the Heavens, and Eternal 
Beatitude * 

Il flatter myſelf, that theſe reflections will excite 
a a defire of further inſtruction reſpecting the ſyſtem 
of light, from which is s derived the theory of co- 
lours, and of vinon. 


* 


Fa 


1550 8 17 . : 


LETTER Xt. 


= Digreſin on, on the Difances of the Heavenly Bodies, 
and on the Nature e of the Suu, and his Rays. x 


HE obſervations mY [ have been neking. 8 
reſpecting the time which the light of the 
Pol employs in making it's progreſs down to us, 
convey a ſtriking idea of the extent and greatneſs 
of the 5 The velocity of ſound, which 
—_ flies 
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flies through the ſpace of 1000 feet in a ſecond, 
furniſhes us with nearly the firſt ſtandard of mea- 
ſurement. It is about 209 times more rapid than 
the pace of a man who is a good walker. Now 
the velocity of the rays of light is 900,000 times 
{till more rapid than that of ſound : theſe rays ac- 
cordingly perform, every ſecond, a courſe of 900 
millions of feet, or 37,509 German miles *. 
What aſtoniſhing velocity! Vet the neareſt fix- 
Fo ſtar is ſo remote, that it's rays, notwithſtanding 


this prodigious velocity, would take more than hx. 
years in deſcending to us. And were it poſſible 


for a great noiſe, ſuch as that of the firing of a 
i cannon, iſſuing from that ſtar, to be conveyed to 
our ears, it would require a period of $5,490,000 
years to reach us. And this is applicable only to 
thoſe ſtars which are the moſt brilliant, and are 
probably neareſt to us. Thoſe which appear the 3 
ſmalleſt, are, very probably, ten times {til farther 
= remote, and mere. A whole century then, it 
leaſt, muſt elapſe, before the Tays of theſe ſtars 


could poſſibly reach us. How prodigious muſt 


that diſtance be, which cannot be paſſed through 
in leſs than 100 years, by a velocity which flies at 

the rate of 37, 500 German miles every ſecond ! 
Were, then, one of theſe ſtars to be juſt now 
annihilated, or eclipſed enz we ſhould ſtill con- 


- More than 170,000 miles Engliſh, —E. E. 


rinue 


— — 4 
— — — —ñ ñ ot. A. 
: : 


A GERMAN PRINCESS, 


tinue to ſee it for 100 years to come, as the laſt 
rays which it emitted could not reach us in leſs 
time. BP 

The generality 5 mankind i is very far from hav- 


5 ing any thing like jult t ideas reſpecting the vaſt ex- 


tent of the univerſc. Mary conſider it as a work 
of little importante, which chance alone might 


have produc ed. But what muſt be the aſtoniſn- 
ment of one who reflects, on obſerving, that all 1 
theſe immenſe bodies are arranged with the moſt 5 0 
6 conſummate wiſdom, and that the more knowledge 

we acquire on the ſubject, though 1 It muſt ever be 

very imperfect, the more we muſt be diſpoſed to 


admire their order and magnificence 7 * 


1 return to the great luminous bodies, and per- 
ticularly the ſun, which is the principal ſource of 
the light and heat which we enjoy on the earth. It 
will be aſked, in the firſt place, Wherein conſiſts ; 


the light which the ſun is inceſſantiy diffuſing 


through the whole univerſe, without ever ſuffering . 

the ſmalleſt diminution, * The anſwer 18 ee. 
according to the ſyſtem which 1 have been endea- | 
vouring to eſtabli ſh. But that of emanation fur- 
niſhes no ſatisfactory ſolution. Tue whole univerſe 

being filled with that ext remely ſubtile and elaſtic 

N flu! J, which is called ether, we muſt ſuppoſe, i In 

all the parts of the ſun, an inceſſant agitation, by _ 

= which every particle 1 is in a conſtant motion WE 

bration, 
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bration, and this, by communicating itſelf to the 
circumambient ether, excites in that fluid a ſimilar 
agitation, and is thence tranſmitted to regions the 
moſt remote, with the rapidity which [ have been 
deſcribing. 
And, to keep up the parallel deere ſound 
| and light, the ſun would be in a ſtate ſimilar to 
that of a bell which ſhould be ringing conginually. . 
The particles of the ſun muſt, conſequently, be 
kept in this inceſſant agitation, to produce, i in the 
ether, the undulations which we call rays of 
light. But it is ſtill no eaſy matter to explain, by 
what power this agitation in the particles of the 
ſun is conſtantly kept up, as we obſerve, that a 
| match does not long continue burning, but pre- 7 
ſently goes out, unleſs it be ſupplied with com- 
buſtible matter. But 1 it muſt be remar ked, that as 


the ſun is a maſs 1 many thouſand times greater than Z 


| our whole globe, if it is once thoroughly inflam - 
ed, it may continue in that ſtate for ſeveral ages, 


. without ſuffering any ſenſible diminution. Beſides, 


the caſe | is not the ſame with the fun and our fires 
and candles, a conſiderable part of whoſe ſubſtance 
1 18 diſſipated in ſmoke and exhalations, from which 
a real waſte reſults. Whereas, though perhaps 
ſome particles may be forced from the a in form 
of ſmoke, they cannot remove to a great diſtance, 


— but ſpeedily fall back into it's maſs, ſo that there 


cannot | 
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cannot be any real expenditure, to occaſion a di- |} 
minution of his ſubſtance®. 1 

The only thing of which we are ſtill ignorant, | 


reſpecting this ſubject, is, the power which inceſ- 
fantly maintains all the particles of the fun in this 
agitation. | But as it contains nothing inconſiſtent 
with good ſenſe, and as we are under the neceſſity 
of acknowledging our ignorance of many other 
things, much leſs remote than the ſun, we ought 

to be fatisfied, if our ideas are not involved mw 
contradiction. ©. 5 
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. * The Author is clay band in his W of 
1 the continual inflammation of the ſun. And though he has faid 
above, that the ſyſtem of emanation was untenable, on account” 
of the frequent and unavoidable. colliſion of rays proceeding 
from different luminous bodies, which muſt diſturb, and even 
bbſtruct the viſion of ſeveral of theſe bodies at once, as he has 
not explaind how two ſounds may be heard at the ſame time, a . 
85 ſimilar objection might be made to his ſyſtem, which 3 is analo-. Ez 
| Sous to the phenomena, of ſound. F. . . AD 
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LETTER Ml. 


Elucidations, 2 the Nature f luminous Bodies, and 


their tat ence e from opaque Bodies illumined. a 


HE ſun being a luminous body, whoſe rays 
are univerſally diffuſed in all directions, 


you can no longer be at a loſs to account for this 
wonderful phenomenon, which conſiſts in the 
ſhaking, or vibration, with which all the particles 7 
of che ſun are agitated. The parallel of a bell 
| lends conſiderable aſſiſtance toward the explana- - 
tion of this fact. But it is obvious, that the vi- 
brations produced by light, muſt be much more 
vehement and rapid than thoſe produced by ſound, 
ether being incomparably more ſubtile than air, 
A fecble agitation not being capable of ſhaking 
the air ſo as to produce ſound in it, chat of a bell, 
and of all other ſonorous bodies, are too feeble 
88 relatively to ether, to produce 1 in it the vibration 
6 which conſtitutes light. 5 


Vou will recollect, that i in order to excite a per- 


— ceptible ſound, more than 30, and leſs than 75 52 
vibrations muſt be produced in a ſecond; the air 


being too ſubtile to admit of a ſenſible effect from a 


ſound conſiſting of leſs than 30 vibrations in a ſecond, | 
but not ſufficientiy ſo to receive one of more than 


7 
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5552 vibrations in the ſecond. A note higher than 
this could not be at all heard. It is the ſame with 

reſpect to ether; 7552 vibrations, produced i ina 

ſecond, could not poſſibly act upon it, becauſe of 


its greater ſubtility. It requires vibrations much 


more frequent. An agitation ſo rapid could not 
take place but in the minuteſt particles of bodies 


which elude our ſenſes. The light of the ſun, 


then, is produced by a very violent agitation, 
which affects all his infinitely minute particles, 
each of which muſt ſhake many. thouſands of t times 


every ſecond. 


It is a ſimilar agitation which likewiſe produces : 
the light of the fixed ſtars, and of all fires, ſuch 
8 candles, tapers, torches, &c. which give us 
light, and ſupply the place of the ſun during the 
night. On attentively obſerving the flame of a 
wax light, you will eaſily perceive, that, in the 
minuteſt particles, there! is a conſlant and ſurpriz- 

ing agitation; and I do not apprehend that my 

ſyſtem is liable, on this · ſide, to any contradiction, : 
while that of Newton requires a moſt enormous 

agitation, capable of launching the minuteſt "x: 
ticles with the velocity of 3 37> $007 German miles 5 


2, ina ſecond. 


This, then, is os explanation of the nature = 
of bodies luminous of themſelyes : : for chere are 


BY 3 of 1 20,000 Eoglifh alles. 
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luminous bodies, which are not ſo immediately, 
ſuch as the moon and the planets, which are 


fimilar to our globe, We ſee the moon only 
when, and in as far as, ſhe is illuminated by the 
| ſun; and this is the caſe of all terreſtrial bodies, 
_ fires excepted, which have a light of their own. 


But other bodies, which are denominated « opaque, 


beconie viſible to us only when they are illuminat- 
ed by ſome luminous body. 


In a very dark night, or in an apartment, ſo 


dloſely ſhut on every ſide, that no light can find 
5 admiſſion, to no purpoſe will you turn your eyes 

toward the objects which ſurround you in the 

1 dark: you perceive nothing. But the moment a 
> taper is introduced, you immediately ſee, not the 

| taper only, but the other bodies, which were before 

inviſible. We have here, then, a very eſſential - 
difference between luminous and opaque bodies. 
I have already employed the term opague to denote 

bodies which are not tranſparent 3 ; but it comes to 
almoſt the ſame thing, and we muſt accommodate ” 
ourſelves. to the common modes of expreſſion, 

i though they are not perfectly accurate. Luminous 
bodies are viſible by their own. light, and never 
affect our organs of fight more than when the 
darkneſs is otherwiſe moſt profound. Thoſe which 
1 here denominate opaque, are rendered viſible to 
us only by means of a light that is. foreign to them. 
We perceive them not while they remain in daræ- 
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neſs; but as ſoon as they are expoſed to a lumifous 
body, whoſe rays ſtrike upon them, they become 
viſible; and they diſappear the moment that 
foreign light is withdrawn. It is not even neceſ- 
fary, that the rays of a luminous body ſhould fall 
upon them immediately; another opaque body, 
when well illuminated, produces r the ſame | 
effect, but in a feebler manner. 
The moon is an excellent inſtance. We know 
hat the moon is an opaque body ; but when ſhe is 
illuminated by the ſun, and we ſee her during the 
night, ſhe diffuſes a feeble light over all opaque 
: bodies, and renders viſible to us, thoſe which we 
could not have perceived without her aſſiſtance. 
Placed, in the day time, in an apartment, whoſe 
aſpect is toward the north, and into which, of 
courſe, the rays of the ſun cannot enter, th - 
however, perfectly clear, and I am able to diſtin- 
guiſh every object. What can be the cauſe of this 
clearneſs, but that the whole heaven is illuminated 
by the ſun? What we call the azure ky, and be- 
ſides, the walls oppoſite to my apartment, and the 
other ſurrounding objects, are likewiſe illuminated, 
either immediately by the ſun, or mediately by 
other opaque bodies, expoſed to the action of that 
focus of light; and the light of all theſe opaque, 
but illuminated, bodies, as far as it has admiſſion | 
into my apartment, renders it luminous, and that 
in proportion as the windows are high, wide, and 
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well placed. The olaſs i is little or no interruption, 
* being, as I have already remarked, a tranſparent 
\ body, which freely tranſmits the rays of light. 
When I completely exclude the light from the 
apartment, by cloſing the window-ſhutters, I am 
reduced to a ſtate of darkneſs, and diſcern no ob- 
1 ject, unleſs I call for a candle. Here, then, is an 
Ys eſſential difference between luminous and opaque 
a bodies; and likewiſe a very ſtriking reſemblance, 
5 namely, that opaque bodies, when illuminated, ; 
illuminate other opaque bodies, and produce, in 
__ this reſpe&, nearly the ſame effect as bodies 16 
8 minous of themſelves. The explanation of this phe- - 
nomenon has, hitherto, greatly perplexed philoſo- 1 
phers, but, I flatter myſelf, that my ſolution of 
it has been clear and ſatisfactory. 
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LETTER XXII. 


How Opaque Bodies Jag viſt 2 N expton' s Sy em, 
of the * of Kays, propoſed. 


EFORE I attempt an explanation of the 
| phenomenon of opaque bodies becoming 0 
viſible, when they are illuminated, it muſt be re- 
marked, in general, chat we ſee nothing but by 
means of the Trays. which enter into our eyes. 
5 When we look at any object whatever, rays iſſuing 


from every point of that object, and entering into 


the eye, paint upon it, if L may uſe the expreſſion, 
the image of the object. This is not mere con- 

0 jecture, but may be demonſtrated by experiment. 
Take, for example, the eye of an ox, or of any 
animal recently killed, and, after having uncover- 


ed the bottom, you find all che objects which were 


before it painted there. As often then as we ſee 
an object, the! image of it is painted on the bottom 
of our eyes; and this is produced by the rays 
which proceed from the object to us. I ſhall, 
afterwards, take occaſion to go into a more minute 
detail on the ſubject of viſion, and explain | in what 
manner the 1 images of objects are formed on the 
bottom of the eye: let this general remark ſuffice 
for the preſent, 
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As we ſee opaque bodies only when they are il- 
luminated, this is a proof, that there muſt proceed 
froni every point of theſe bodies rays of light, 


which ſubſiſt only during the illumination. The 
moment they are placed in the dark, theſe rays 
diſappear. They are not proper then to opaque | 
bodies; their origin muſt be ſought in the manner 
in which other bodies illuminate them. And 
this! 18 the great queſtion, How illumination alone 
1s capable of producing rays on opaque bodies, 
or of putting them in nearly the ſame ſtate as lu- 
minous bodies are, which, by an agitation! in their 
minuteſt particles, produce rays of light? 


The great Newton, and other philoſophers, who = 


have examined the ſubject, aſſign reflection as the 
cauſe of this phenomenon : : it is, therefore, of the 
higheſt importance, that you ſhould form a Joſt 
= idea of what 1 1s called reflection. | 


This name is given to the repulſion of one bo- 


dy ſtruck againſt another, as may be ſeen in the 
5 game of billiards. When the ball i is ſtruck againſt 
the cuſhion or ledge of the billiard table, it recoils 
: again; and this retrograde motion Is termed re- 
flection. * is neceſſary, here, to attend to a 
diſtinction between two caſes. Let us ſuppoſe 
AB (plate 1. fg. 7.) to be the ledge of a billiard 
table. The firſt caſe is this: When you play the 
ball D perpendicularly againſt the ledge, in the _ 


direction of D ©, perpendicular to A B, and, con- 
 ſequently , 
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ſequently, the adjacent angles A C D, and BCD, 
are right angles: in this caſe, the ball will be 
driven back, or reflected, in the fame line D C. 
The other caſe is, when the ball is played . 
liquely againſt the ledge, ſuppoſe in the line EC, 
forming, with A B, an acute angle A C E, this 
is called the angle of incidence. The ball will, in 
this caſe, be repelled from the ledge, in the direc- 
tion of the line C F, ſo that this line ſhall make, 
on the other ſide, with the ledge BC, an angle 
SCE exactly equal to the angle of incidence 
A C E. This angle, BC F, formed by the line 
in which the ball recoils, is called the angle of 
reflection. And this law always J takes place when 5 
a body 1 in motion meets with an obſtacle. ; 
A cannon ball, ſhot againſt a wall ſufficiently 
fron to reſiſt it, is reflect ed conformably to this 
law. It extends, 1 in like manner, to ſounds, which 
are frequently reflected from certain bodies; 4 and 
you know that this reflection of ſound 1s called 
eccho. It cannot be doubted, that the ſame thing 
frequently takes place with reſpe& to the rays of 
light. The objects which we ſee in mirrors, are 55 
repreſented to us by the reflection of rays, and 
every well poliſhed ſurface reflects the rays of 
light which fall upon it. It. is. undoubtediy cer- 
tain, therefore, that there are caſes without number 


5 in Which the rays that fall on certain bodies are 
rellected; 
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reflected; and philoſophers have thence taken oc- 
cation to maintain, that opaque bodies are render. 
ed viſible by means of reflected rays. 
I ſee juſt now houſes, oppoſite to my windows, 
which are illuminated by the ſun. According, 
then, to the opinion of thoſe philoſophers, the 
rays of the ſun falling on the ſurface of theſe 
houſes, are reflected from them; they enter into 
my apartment, and render theſe houſes viſible to 
me. In the ſame manner, if we believe thoſe 


5 philoſophers, the moon and the planets become 
L viſible, and theſe are, unqueſtionably, | opaque bo- 
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dies. The rays of the ſun, which fall on theſe 
bodies, and illuminate the parts which are expoſed 
880 them, are reflected, and are thence tranſmitted 
to us, juſt. as if the bodies were luminous of 
themſelves. | According to this opinion, we ſee 
the moon and the planets only by the rays of the 
ſun which they reflect; and you muſt frequently 
have heard it affirmed, that the light of the moon 
is a reflection of the light « of the ſun. In the ſame 
: manner, ſay they, the rays of the ſun are reflected 5 
buy the firſt opaque bodies which are expoſed to 
5 them, on other bodies of the ſame nature, and un- 
dergo a ſeries of ſimilar reflections, till they are 
entirely weakened. 
But, however i this opinion may, at 
: firſt fight, appear, it inyolyes ſo many abſurdities, 
Le oe i when 
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when cloſely examined, that it is abſolutely un- 
tenable, which I hope to demonſtrate, as a pre- 
paration for the true ſolution of this phenomenon, 


| 28th June, 1760. 


LETTER XXIV. 
Examination, and Reſutation, of. Newtow 5 8 em, 
'F AFFIRM, then, that when we ſee an 1 opaque : 

body illuminated by the ſun, it is impoſſible 
— maintain that it reflects luminous rays, and 


55 chat, by means of ſuch rays, it is rendered viſible 
0 5. The example of a mirror, which, undoubt- 


edly, reflects the rays, and is employed to ſupport T 
this opinion, rather confutes i it. The mirror, be- 
yond contradiction, ſends back the rays which fall - 

- upon it; but when theſe reflected rays enter into 

our eyes, What do chey repreſent? You will 
155 readily anſwer, that i it is not the mirror, but the 
objects from which they originally proceeded ; 
and the reflection does nothing elſe, but enable us 


. to ſee theſe objeas in another place. Beſides, we 


ſee thoſe objects, not on the ſurface of the mirror, 
but rather within it, and it may be ſaid with truth, 2 


chat the mirror itſelf remains inviſible nk 
But 
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But, on looking at an opaque body illuminated 
by the ſun, we do not ſee in it the image of that 
glorious orb; we ſee only the ſurface of the bo- 
dies, with all the variations to be found on them. | 
We perceive, then, a very eſſential difference be- 
tween the rays which are reflected from a mirror, 
and thoſe by means of which opaque bodies are 
rendered viſible. But there IS, beſides, another 
: difference equally palpable in the mirror; for on 
| changing the place of the objects, or our own fitu- 
ation, the appearance will always change, and the 
rays, reflected from the mirror, will continually 
repre eſent to our eyes other images, correſponding 
to the nature and poſition of the objects, and to 
the place where we are ſtationed : but, as 1 have 
already ſaid, theſe reſected rays never r repreſent t to 8 


vs the mirror itſelf. 


Now, let a body be illuminated by che ſun, or 
other bodies, whether luminous or opaque, already 
illuminated; in whatever manner this body may 
n change it 8 place, or we change our” $ relatively to 
it; it's appearance is always the ſame; we ſee always 


Eo the ſame object, and remark i in it no change rela- 


tive to the different circumſtances above mention- 
ed. This furniſhes a new proof, that we do not 
ſee opaque bodies by means of the caps reflected 
from their ſurface *. 


JJ ͤ KF 


opaque bodies are Sen wy by reflected light, but it by no means 
folloy 2 
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An objection will, perhaps, be ſtarted, drawn 
from the dove's neck, and certain kinds of ſtuff, 
which preſent different objects, according as our 
point of view changes. But this in no reſpect 


follows, that all the incident light is again reflected. Some bodies 17 
: are, by their conſtitution, diſpoſed to reflect certain kinds of rays 
the moſt freely, and as the reſt are abſor bed, the peculiar colour 
: predominates. This colour will, therefore, not be the fame, what- 
ever be the quality of the incident light, but will receive an ana- 
logous ſhade. For the ſame reaſon, no ſubſtance reflects only 
one ſpecies of rays. The elective attractions and repulſions, be- 
tween the particles of light and a body, are moſt remarkable at 
very minute diſtances; and hence the colour i 18 prominent when 
the ſurface | is rough, for the light, ſuffering khen a partial repul- 
ſion only, gains a nearer approach. I cannot imagine how Mr. 
Euler would explain theſe facts on his own principles. 
It is in a poliſhed ſurface only, that the ſurrounding bodies can 
be ſeen by reflection, for diſtinct viſion requires the rays, pro- 
ceeding from different points, to be tranſmitted with regularity. | 
No ſubſtance is, indeed, perfectly ſmooth, but the different re- 


” pulſions, exerted by the ſuperficial particles, may balance each 


other, and produce an uniform effect, at the diſtance where the 
reflection takes place. Mr. Euler” s pr inciples would lead to tlie 
5 concluſion, that poliſh 1 is not at all neceſſary to a mirror, Eccho 


is formed from ſurfaces which are very uneven, fince the air Is. - 
5 heaped on the obſtacle, and the principal reflux of the undulation | 


commences at a ſenſible diſtance from it. The ſame obtains i in 
water, though in a leſs degree; and is, in general, more remark- 
able, in proportion to the rarefaction of the fluid. How wonder- 
ful, then, in that reſpect, muſt ether be, Which is ſuppoſed to 
be the moſt ſubtile of all fluids? We might expect the walls of a 
houſe to reflect the moſt enchanting pure of the landſcape in 
eee. E. N 


weakens 
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weakens my concluſion, with regard to ordinary 
opaque bodies, which are not ſubject to this 
change. The objection only proves, that theſe 
ſingular objects are endowed with certain quali- 
ties: as, for example, that their minuter particles 
are finely poliſhed, and that a real reflection takes 
place, beſide the uſual and ordinary manner in 
which bodies are rendered viſible to us. Now, it 
is eaſy to comprehend, that this reflection muſt be | 
. clearly diſtinguiſhed from the manner in which | 
ordinary opaque bodies are illuminated. | 
F inally, the rays reflected from a mirror always 


repreſent to us, likewiſe, the colours of the bodies 


from which they originally proceed, and the 

mirror, which reflects, makes no change in this 

| reſpect. One opaque body illuminated by any 

other body, in whatever manner, always preſents 

the ſame colours; and every body may be ſaid to 
have it's proper colour. T his circumſtance ab- 
ſolutely overturns the opinion of all thoſe who 
maintain, that we ſee opaque bodies by means of 

f the rays which their ſurface reflects. : e 
Putting together all the reaſons which I have 
now ſubmitted to your conſideration, there can be 
no heſitation, in pronouncing, that this opinion is 


_ totally untenable | in philoſophy, or rather, i in phy- 5 


ſics. I cannot, however, flatter myſelf with the 


hope, chat philoſophers, wedded to opinions once 


adopted, ſhould yield to theſe reaſons. Bur the 
naturaliſt, 
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naturaliſt, who is more nearly related to the ma- 
thematician, will have leſs difficulty in reſigning 
an opinion, overthrown by reaſons ſo convincing. 
You will again recolle& what Cicero has ſaid on 
this ſubje& : That nothing ſo abſurd can be con- 
_ ceived, as not to be ſupported by ſome philoſo- 
pher. In fact, however ſtrange the ſyſtem, which 1 
have been refuting, may appear to you, it has, 
hitherto, been * and defended with much 
warmth, : 
It is impoſũ ble to ſay, to what a degree the dif- 
ficulties and contradictions which I have been en- 
deavouring to expoſe, were unknown to, or over- 
| looked by, the partiſans of this ſyſtem. The great 
Newton himſelf ſtrongly felt their force: but as he 
reſted in a very untenable. idea, reſpecting the 
propagation of light, it is not to be wondered at, 
that he ſhould overlook theſe great difficulties ; 
and, in general, depth of underſtanding does not 
always prevent a man from falling into abſurdity, 
in n ſupporting an opinion once embraced. 
haut if this ſyſtem, that opaque bodies are ren- 
dered viſible by reflected rays, be falſe, ſay Ws - 
partiſans, What then is the true one? 1 hey eren 


think it impoſſible to imagine another explanation 5 


of this phenomenon. It is, beſides, rather hard 
and humiliating for a philoſopher to acknowledge | 
ignorance of any ſubje& whatever. He would 


rather maintain the grolleſt abſurdities ; F- eſpecially 
1 
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if he poſſeſſes the ſecret of involving them in 
myſterious terms, which no one is capable of 
comprehending. For in this caſe, the vulgar are 
the more diſpoſed to admire the learned; taking 
it for granted, that what is obſcurity to others, is 
perfectly citar to them. We ought always to ex- 
erciſe a little miſtruſt, when very ſublime know- 
ledge is pretended to, knowledge too ſublime to 
be rendered intelligible. I hope I ſhall be able to 
« explain the phenomenon in queſtion, in ſuch a 
way as to remove every difficulty. 


18 uh ne.. 


LETTER. XXV. 


4 22 ent E ee of the Manner in with a opaque 
EE Bodies illuminated become wiſh ble. — 


IL the phenomena of © opaque ade which 
_ have unfolded in the preceding letter, in- 
conteſtably demonſtrate, that, when we ſee an 
opaque body illuminated, it is not by rays reflect- 
ed from it's ſurface, that it becomes viſible, but 
becauſe it's minuter particles are in an agitation ſi- 


milar to that of the minuter particles of luminous 


| bodies; with this difference, however, that the 
agitation 
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agitation in opaque bodies is far "IM being ſo 
ſtrong as in bodies luminous of themſelves ; for an 
opaque body, however much illumined, never 
makes on the eye an impreſſion fo lively as lu- 
minous bodies OD 
As we fee the opaque bodies Wande but 
by no means the images of the luminous bodies 
which enlighten them, as muſt be the caſe, if we 
ſaw them by the reflection of their ſurface; - It muſt 
- follow, that the rays emitted by opaque bodies are 
proper to them, juſt as the rays of a luminous 
body are peculiar to itſelf. As long as an opaque - 
body is illuminated, the minuter particles of it's 
| ſurface are in a ſtate of agitation proper to pro- 
duce, i in the ether, a motion of vibration, ſuch as 
is neceſſary for forming rays, and for painting in 
our eyes the image of the body from which they 
proceed. F or this effect, rays muſt be diffuſed, 
from every point of che ſurface, in all directions; 


"0 experience evidently confirms. For, from what-⸗ 


5 ever ſide we look at an opaque body, we ſee it 


cqmually in all it's points; from which it follows, 


N that every point emits rays in all directions. | This : 
circumſtance eſſentially diſtinguiſhes theſe rays 
from ſuch as are reflected, whoſe direction is al- f 
ways determined by that of the rays of incidence; gm 
ſo that if the incident rays proceed from one ſingle 


quarter, ſay the ſun, the reflected rays can follow _ 


- 


only one ſingle direction. 


A = 
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It muſt be admitted, a, that when an opaque 
body is illumined, all the particles on it's ſurface 
are put in a certain agitation, Which produces 
rays, as is the caſe with bodies luminous of them- 

ſelves. This agitation, likewiſe, is ſtronger, in 
proportion as the light of the illuminating body 1 is 
more intenſe. Thus the ſame body, expoſed to 
the ſun, is agitated much more violently, than if, 
in a room, it were illumined only by day-light, 
or in the night-time, by a taper, or by the moon. 
In the firſt caſe, it's image is painted with much 
greater vivacity on the bottom of the eye, than in 
the others, eſpecially the laſt; che light of the 
moon being ſcarcely ſufficient to enable us to 
diſtinguiſh, or to read, writing of a large ſize. . 
And when the opaque body is conveyed into a 
cloſe room, or into the dark, nothing 1 18 then to 
be ſeen; a certain proof, that the agitation in it's 
parts bas entirely ceaſed, and chat * are now ein 
a ſtare of reſt. . 
In this, therefore, conſiſts the nature of opaque 
bodies; ; their particles are, of themſelves, ar roll; 
or, at leaſt, deſtitute of the agitation neceſſary to 
produce light. But theſe ſame particles are ſo dif. . 
poſed, that when illuminated, or ſtruck with rays 


of light, they are immediately put into a certain 


agitation, or motion of vibration, proper to pro- 


duce rays; and the more intenſe the light is, 


which illuminates theſe bodies, the more violent 


allo 
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alſo is this agitation. As long as an opaque body 
is illumined, it is in the ſame ſtate as luminous 
bodies; B it's particles are agitated | in the ſame man- 
ner, and are capable of exciting, of themſelves, 
rays 1n the ether; with this difference, that the 
agita- ion kept up in luminous bodies by an in- 


opaque bodies, this agitation is only momentane 


which illumines them. 


nomenon, and labours under none of the difficul- 


producing rays; ; and that this agitation ſhould al- 


there may be in the illumination £ 


refutation, for it contains nothing contradictory. 


12 r ae complete: 


trinſic force, ſubſiſts always of itſelf; whereas, in 


ous, and produced by the motion of the e light 
This explanation is conſiſtent with every phe- 


ties which determined us to abandon the other, 
namely, that founded on reflection. Whoever 
will take the trouble candidly to weigh all theſe 
reaſons, muſt admit their force. But a very great 
difficulty ſtill remains to be ſolved: How comes 
it that illumination, fimply, can put the particles 
of an opaque body into an agitation capable of 


ways continue nearly the ſame, whatever difference 


3 acknowledge, that were it pen to anſwer 
this queſtion, it would be a great defect in my 
theory, though it would not amount to a complete 


Suppoſing I were ignorant, how illumination pro- 
duces an agitation 1n the particles of opaque bo- 
dies, this would only prove that the theory is in- 


—— 
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complete : and till it is demonſtrated to be abſo- 
lutely impoſſible that illumination ſhould pro- 


duce this effect, my ſyſtem muſt ſubſiſt. But 1 


| ſhall endeavour to ſupply this defect, by ſnewing 


you, how illumination agitates the minuteſt Par- 
ticles of bodies. 


805 Tub, 1760, 5 


LETTER XXVI. 


Continuation of the ſame $ wee. 


7 HAVE undertaken to ſhew, how the illumi- 
nation of an opaque body muſt produce, i in it's 


hinacalt particles, an agitation proper to excite 0 


85 the rays of light, which render that ſame opaque 


body viſible. The parallel between ſound and 
light, which differ only in reſpect of leſs and more, 
light being the ſame thing relatively to ether, that 


ſound is relatively to air, this parallel, I fay, will 
enable me to fulfil my engagement. Luminous 
bodies muſt be compared to muſical inſtruments 
actually in a ſtate of vibration. It is a matter of 
indifference, whether this be the effect of an in- 


trinſic, or of a foreign power : it is ſufficient for 


my purpoſe, that found 1 is 5 emitted. Opaque bo- 
dies, 
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dies, as long as they are not illuminated, muſt 
be compared to muſical inſtruments not in uſe, 
or, if you will, to ſtrings which emit no ſound till 
ey are touched. 
The queſtion, then, being transferred from light 
to ſound, is reſolved into this, Whether it be poſ. 
ſible for the ſtring of an inſtrument, in a ſtate of 
reſt, when brought within the ſphere of activity 
of the ſound of inſtruments | in a ſtate of vibration, 
to receive, in certain circumſtances, ſome agita- 
tion, and emit ſound, without being touched? Now 
this is confirmed by daily experience. If you take 
the trouble, during a concert, to attend to a par- 
ticular ſtring, in proper tune, you will obſerve that 
| firing ſometimes to tremble, without having been 
touched, and it will emit the ſame ſound, as if it 
had been immediately put into vibration. This 
: experiment will ſucceed till better, if the in- 
ſtruments ſtrike the ſame note with the ſtring, 
Conſider attentively the ſtrings of a barpſicord, 
not played upon, while 4 violin ſtrikes the 
note a, for example, and you will obſerve, on 


the harpſicord, the firing of the ſame note begin 1 


ſentibly to tremble, and even to emit ſound, with- 
out having been touched; ſome other chords will 


likewiſe be agitated, particularly thoſe which are 


diſtant an octave, a fifth, and even a third, pro- 
vided the inſtrument be perfectly! in tune. 8 
* * EE This 
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This phenomenon is well known to muſicians, 
and Mr. Rameau, one of the moſt celebrated 
French compoſers, eſtabliſhed his principles of 
harmony upon it. He maintains, That octaves, 
fifths, and thirds, muſt be conſidered as conſo- 

nances, becauſe one chord is agitated by the ſound 
only of another chord, which is in uniſon, or an 
octave, a fifth, ora third, from the firſt. But it 
muſt be admitted, that the principles of harmony - 
are ſo well eſtabliſhed, by the ſimplicity of the re- 
lations which ſounds have to each other, that they 
have no need of a new confirmation. In truth, the 
phenomenon obſerved by Mr. Rameabu is a very 
natural conſequence from the Fe of har- 
mony. þ | 
10 render this- more ſenſible, let us attend to 
two chords wound up to uniſon; on ftriking the 
one, the other will begin of itſelf to tremble, and 
will emit it's ſound. The reaſon is abundantly 
: clear; for as a chord communicates to the air by 
it's crembling, a motion of vibration ſimilar to it's 
own, the air, agitated by this motion of vibration; 
muſt reciprocally make the chord tremble, pro- 
vided that, by it's degree of tenſion, it be ſuſcep- 
tible of this motion. The air, being put into vi- 
 _ bration, ſtrikes the chord ever ſo little at every re- 
i verberation, and the repetition of ſtrokes ſoon 
impreſſes on the chord a ſenſible motion; becauſe 
the vibrations to which it is diſpoſed by it's ten- 
ion, 


* 
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fion, accord with thoſe of the air. If the number 
of vibrations in the air is the half, or the third, or 
any other, whoſe relation is ſufficiently ſimple, the 
chord does not receive a new impulſe at every vi- 
bration, as in the preceding caſe, but only at the 
ſecond, or the third, or the fourth, which will 
continue to increaſe it's tremulous motion, but 
leſs than in the firſt cab. © 
But if the vibrations of the air have not any 
ſimple relation with that which correſ ponds to the 
chord, the agitation of that fluid will produce no 
effect whatever upon it; the vibrations of the 
chord, if there be any, not correſponding to thoſe 
of the fluid, the following impulſions of the air 
deſtroy, for the moſt part, the effect which the firſt 8 
might have produced ; and this is completely con- 
firmed by experience. Thus, when a chord 1 * 
i: ſhaken by a ſound, that ſound muſt, in order to it * 
being perceptible, be preciſely the ſame with that 
of the chord. Other ſounds, which have a conſo- 
nance with that of the chord, will produce, it is 
true, a fi milar, but leſs ſenſible, effect, and diſſo- 
= nances will produce none at all. This phenome- 
| non takes place, not only! in muſical ſtrings, butiin 


all ſonorous bodies whatever. One bell will re- 


ſound by the noiſe only of another bell, which is 
in uniſon with it, or at the diſtance of an SERVE, | 


a fifth, or a third. V 
17 — The 
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The inſtance of a perſon, who could break 
glaſſes by his voice, farther confirms what 1 have 
advanced. When a glaſs was preſented to him, 

by ſtriking it, he found out the note; he then be- 

gan to ſquall in uniſon, and the glaſs immediately | 
caught the vibration ; proceeding to give to his 
voice all the force he was able, always preſerving 
the uniſon, the vibration of the glaſs became at 
5 length ſo violent, that it broke. It is confirmed, 
> then, by experience, that a chord, and every other 
ſonorous body, is put into vibration by it's Kin- 
dred ſound. The lame phenomenon muſt take 
place with regard to opaque bodies, of which the 
minuter particles may be put into a ſtate of agita- 
tion, by illumination only: which is the queſtion 

1 propoſed to ſolve. The following letter will 

contain a more e ample diſcuſſion of it. 


e tote 
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LETTER XXVII. 


/ 
cala i Clearncſs « and Colour of opaque Bodies b. 


mi ned. 


FTER what has juſt been ſubmitted to your 
; . conſideration, you will no longer be ſur- 
W that an opaque body is capable of receiving, 
from illumination alone, an agitation in its par- 
ticles, ſimilar to that of the particles of luminous 
bodies, and which gives them the property of pro- 
ducing rays that render them viſible, Thus, the 
great objection to my explanation of the viſibility 
of opaque bodies, is happily removed; while the 


other theory, founded on the reflection of rays, has 


to encounter difficulties, which grow in proportion 
as you attempt to make a more direct application 
of them to known phenomena. 
5 Iris, then, an eſtabliſhed truth, that the particles 
5 of the ſurfaces of all bodies which we ſee, undergo ” 
an agitation ſimilar to that of a chord in vibration, 
but their vibrations are much more rapid; whether 
it be, that this agitation is the effect of an intrinſic 
force, as in bodies luminous of themſelves, or 
whether it be produced by the rays of light which 
fall upon the bodies, that is to ſay, by illumination, 
as is the caſe in opaque bodies. It is falſe, then, 
that 
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that the moon, being an opaque body, reflects the 
rays of the ſun, and that, by means of this reflected 
light, ſhe is rendered viſible to us, as is commonly 
underſtood. But the rays of the ſun, falling on 
the ſurface of the moon, excite in its particles a 
concuſſion, from which reſult the rays of the moon; 
and theſe, entering into our eyes, paint its image 
there; it is the ſame with the other planets, and 
with all opaque bodies. This agitation of opaque | 


: bodies, when illumined, laſts only during the illu. 


mination which is the cauſe of it: and as ſoon as 


an opaque body ceaſes to o be illumined, it ceaſes to 
be viſible. 


But is it not poſſible, that this agitation, once 


| impreſſed on the particles of an opaque body, may D 


be for ſome time kept up, as we ſee that a firing, 
once ſtruck, frequently continues to vibrate, 
though no new impreſſion be made upon it? I do 
not pretend to deny the fact: I even believe, that 
we have examples of it in thoſe ſubſtances which 5 
Mr.  Margraff preſented to you, and which, once 
illumined, preſerve their light for ſome time, 
though conveyed j into a dark room. This, how- 
ever, is an extraordinary caſe ; the vibration of the 
minuter particles diſappearing, in all other bodies, 
with the illumination which occaſioned it. But 
this explanation, which thus far is perfectly ſelf- 


conſiſtent, leads me forward to reſearches of ſtill 
greater importance. 


It ny 
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It is, undoubtedly, certain, that we find an infi- 
nite difference between the particles of opaque bo- 
dies, ,according to the variety of the bodies them- 
ſelves. Some will be more ſuſceptible of vibra- 
tions, and others leſs, and others, finally, not at 
all ſo. This difference in bodies occurs but too 
evidently. One, whoſe particles eaſily reccive the 
| impreſſion of the rays which ſtrike i it, appears to us 
brilliant; another, on the contrary, in which the 
rays ſcarcely produce any agitation, cannot appear 
luminous. Among ſeveral bodies, equally illu- 
mined, you will always remark a great difference, d 
ſome being more brilliant than others. But there 
is, beſides, another, and a very remarkable diffe- g 
dene between the particles of opaque bodies, re- 
, ſpecting the number of vibrations which each of 
them, being agitated, will make in a certain time. 
I have already obſerved, that this number muſt 
always be very great, and that the ſabriliry « of ether 
is ſuch, as to require many thouſands 1 in a ſecond. 
But the difference here may be endleſs; if ſome 


particles, for example, ſhould make 10,000 vibra- 


tions in a ſecond, and others 11,000, 12,000, 
13, ooo, according to the ſmallneſs, the tenſion, and 
the elaſticity of each, as in the caſe of muſical chords, 
in which the number of vibrations given in a ſe- : 
cond may be varied without end; and thence it is 
1 have deduced the difference of high and low _ 
notes. As this difference is eſſential in ſounds, 
V 
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theory of muſic, it cannot be called in queſtion, 


vibrations of rays of light, muſt produce a varia- 

tion as particular in viſion. If, for example, a 
particle 1 makes 10,000 vibrations i in a ſecond, and 
produces rays of the ſame ſpecies, the rays which 
enter into the eye will ſtrike the nerves of that organ 
10,000 times in a ſecond; and this effect, as well 
as the ſenſation, muſt be totally different from 
thoſe produced by a different particle, which ſhould 
make more or leſs vibrations i in a ſecond. There 
will be 1 in viſion a difference ſimilar to that which 
the ear perceives on hearing ſharp or flat notes. 


7 


and as the ear is affected by it in a manner ſo par- 
ticular, as to render it the foundation of the whole 


that a fimilar difference, in the frequency of the 


You will, no doubr, be deſirous to know into . 


: wha this difference in viſion! is to be reſolved; and . 
what different ſenſations correſpond to the number, 
greater or leſs, of the vibrations produced i in every 
body during : a ſecond | ? I have the honour of 1 in- 
forming you, That dive; ſity. of colours is OCCa- | 
fioned by this difference; and that difference of 
8 colour i 15 to the organ of viſion.- what ſharp. or flat 1 
ſounds are to the ear. We have reſolved, there- 
fore, without going after it, the important en- 
auiry, reſpecting the nature of colours, which has 
long employed the attention of the greateſt philo- 
ſophers. Some of them have called it a modifica- 
tion of light abſolutely unknown to us. Deſcartes 


maintains, 


A GERMAN PRINCESS. 125 


maintains, that colours are only a certain mixture 
of light and ſhade, Newton accounts for difference 
of colour, by tracing it up to the rays of the ſun; 
which, according to him, are a real emanation, 
| whoſe matter may be more or leſs ſubtile; and 
thence ſettles the rays of all the colours, as red, 
yellow, green, blue, violet, Re. | 
But as this ſyſtem falls to pieces of itſelf, all that 
has been ſaid reſpecting colours conveys no infor- 
: mation ; and you are now clearly ſenſible, that the 
nature of each colour conſiſts 1 in the number of 1 vi- 
brations, produced in a certain time, by the par- 
ticles which preſent them to the eye. 


Ee | 12th F 55 1760. 


„ XXVIII. . 
Nature of Colours in particular. 


HE ignorance which prevailed reſpecting the 
true nature of colours, has occaſioned frequent 
and violent diſputes among philoſophers ; each of 

whom made an attempt to ſhine, by maintaining a 

peculiar opinion on the ſubject. The ſyſtem 

which made colours to reſide in the bodies them- 
ſelves, appeared t to them too vulgar, and too little 


worthy 
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above the multitude. Becauſe the clown imagines, 
that one body is red, another blue, and another 


green, the philoſopher could not diſtinguiſh him- 
ſelf better, than by maintaining the contrary 3 and 
he accordingly affirms, that there is nothing rea] 


in colours, and that there 1 1s nothing i in bodies re- 
lative to them. 


The Newtonians make colours to conſiſt | in rays 


; only; which they diſtinguiſh into red, yellow, 
green, blue, and violet; and they tell us, that a 
body appears of ſuch and ſuch a colour when it 
reflects rays of that ſpecies. Others, to whom this 
opinion ſeemed abſurd, pretend that colours exiſt 
only 1 in ourſelves. This is an admirable way to 
conceal 1 ignorance ; the vulgar might otherwiſe be- 
lieve, that the ſcholar was not better acquainted 
5 with the nature of colours than themſelves. But 
you will readily perceive, that theſe affected refine- 
ments are mere cavil. Every ſimple colour (in 
order to diſtinguiſh from compound colours) de- 
pends on a certain number of vibrations, which are 
performed in a certain time; ſo that this number 
of vibrations, made in a ſecond, determines the 
red colour, another the yellow, another the green, 


another the blue, and another the violet, which 


are the ſimple colours repreſented to us in the 
rainbow. 


If 
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If, then, the particles of the ſurface of certain 
bodies are diſpoſed in ſuch a manner, that being 
agitated, they make, in a ſecond, as many vibra- 
tions as are neceſſary to produce, for example, the 
red colour, I call ſuch a body red, juſt as the 
clown does; and I ſee nothing like a reaſon for 
deviating from the common mode of expreſſion. 
And rays, which make ſuch a number of vibrations 
in a ſecond, may, with equal propriety, be deno- 
minated red rays; and finally, when the optic 
nerve is affected by theſe ſame rays, and receives 
from them a number of impulſions, ſenſibly equal, 
in a ſecond, we receive the ſenſation of the red 
colour. Here every thing is clear; and 1 ſce no 
neceſſity for introducing dark and myſterious 
g phraſes, which really mean nothing. Pan, 
The parallel between ſound and light! is ſo per- 
: fect, that it hits even in the minuteſt circumſtances, N 
When | - produced the phenomenon of a muſical 
chord, which may be excited into vibration by the 
reſonance only of certain ſounds, you will pleaſe to 
recollect, that the one which gives the uniſon of 
the chord in queſtion, is the moſt proper to ſhake 
it, and that other ſounds affect it only in propor- 5 
tion as they are in conſonance with it. It is ex- 
5 actly the ſame as to light and colours; for the dif. 
ferent colours coneſpond to the different muſical 
ſounds, _ 


In 
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In order to diſplay this phenomenon, which 
completely confirms my aſſertion, let a dark room 
be provided ; make a ſmall aperture in one of the 
ſhutters ; before which, at ſome diſtance, place a 

body of a certain colour, ſay a piece of red cloth, 
fo that, when it is well illumined, it's rays may enter 
by the aperture into the darkened room. The rays 
thus tranſmitted into the room will be red, all 
other light being excluded: and if you hold, on 
the inſide of the room, oppoſite to the aperture, a 
piece of cloth of the ſame colour, it will be per- 
fectly illumined, and its red colour appear very 
brilliant; but if you ſubſtitute i in its place a piece 
of green cloth, it will remain obſcure, and you 
will hardly ſee any thing of its colour. If vou 
place on the outſide, before the aperture, a piece 
of green cloth, that within the chamber will be 


7 perfectly illumined by the rays of the firſt, and its 
= green colour appear very lively. The ſame holds 


good as to all other colours; and ] do not imagine 
hat a more convincing demonſtration of the truth 
of my ſyſtem can be demanded. Sd 
We learn from it, that, in order to illuminate 3 


5 body of a certain colour, it is neceſſary that the 


rays which fall upon it ſhould have the ſame co- 
Jour; thoſe of a different colour not being capable . 
of agitating the particles of that body. This is 
farther confirmed by a well known experiment. 2 

When 


When the ſpirit of wine is ſet on fire in a room; 
you know that the flame of ſpirit of wine is blue, 


that it produces only blue rays, and that every 


perſon in the room appears very pale, their faces, 


though painted ever ſo deep, have the aſpect of 


death. The reaſon is evident; the blue rays, not 


being capable of exciting, or putting in motion 
the red colour of the nk, you ſce on it only a 


feeble and bluiſh colour: but if one of the com- 
pany is dreſſed in. blue, ſuch dreſs will appear un- 
commonly brilliant. Now, the rays of the ſun, 


thole of a wax taper, or of a common candle, illu- 
minate all bodies almoſt equally ; ; from whence it 
is concluded, that the rays of the ſun contain all 


colours at once, though he himſelf appears yel- 
lowiſh. 


In truth, when you admit into a dark room the 


rays, of all the ſimple colours, red, yellow, green, 


blue, and violet, in nearly equal quantities, and 
blend them, they repreſent a whitiſh colour. The 
ſame experiment is made with various powders, | 


coloured in like manner; on being mixed toge - 


ther, a whitiſh colour 1 18 the reſult. Hence it is 
concluded, that white! 18 nothing leſs than A imple 
colour; but that it is rather a compound of all the 
: ſimple colours ; a accordingly, we ſee that white 1 is 


adapted to the reception of all colours. As to 


black, it is not properly a colour. Every body i is 
black when! its particles are ſuch that they can re- 
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ceive no motion of vibration, or when it cannot 
produce rays. The want of rays, therefore, pro- 


duces the ſenſation of that colour; and the more 
particles there are found in any body, not ſuſcep- 


tible of any motion of vibration on its ſurface, the 
more blackiſh and obſcure 1 it appears. 


1 gt Jah, 1760. 


P 


7 ! aypareny of Bodies relative to the e Traynifien f 


On 


HAVE already tad, that there are bo- 
dies, ſuch as glaſs, water, and eſpecially „ 


which tranſmit the rays of light, and, on account of 

this property, are denominated pellucid or diapho- 
nous. The ether, however, is the medium i in which Hoh, 

| the rays of light are formed, to which this pro- 

: perty moſt intimately appertains ; - and other tran- 


ſparent bodies are endowed with it, only by means 


of the ether which they contain, and with which 
they are ſo blended, that the agitations excited by 
the light, may be communicated farther, without 
being interrupted in their progreſs. But this tranſ- 


miſſion is never performed ſo freely as in the pure 
ether, 
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ether, though it always loſes ſomething; and this 
In proportion as the tranſparent body is more or 
leſs groſs. The groſsneſs may even become ſo 
conſiderable, that the light ſhall be whoily loſt in 
ir; and then the body is no longer tranſparent. 
Thus, though glaſs be a tranſparent body, a great 
lump of laſs ſeveral feet thick 1s not ſo, In like 
manner, however pure the water of a river may be, 
you cannot ſee the bottom where it is very deep, 
though you can, very eaſily, where it is ſhallow x. 
Tranſparency, then, is a property of bodies rela- 
tive only to their thickneſs ; and when this property 
is aſcribed to glaſs, to water, &c. it muſt always 
be underſtood with this reſtriction, that theſe bo- 


1 The common diſtinction of bodies, into opaque and tran- 
- ſrarent, | is inaccurate, for every body has a certain degree of 
tranſparency. All ſubſtances abſorb light in its paſſage, but in 
ſome this abſorption is prodigious, and the quantity of light 
which penetrates through a certain thickneſs, is fo exceedingly 
minute, as to elude our powers of perception. When the thick- 
neſs is much diminiſhed, the light becomes ſenſible, even in the 
caſe of bodies that are uſually termed opaque; thus we can ſee 
through a plate of ivory and a leaf of gold. The different pro- 
Perties of ſubſtances, with reſpect to the tranſmiſſion of light, 
| ſeems to depend on the greater or leſs regularity of the diſpoſi- 
tion of their elementary particles, and on their proximity or 
diſtance from each other; as theſe circumſtances augment or 
diminiſh the chance of a ray's paſſing within the limit of abſorp- 
tion. Whatever be the intenſity of the incident light, the ſame, 


proportion of it is, in a given body, tranſmitted throvgh me 
fame thickneſs. —E. E. 
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dies are not too groſs; and that to every ſpecies 


there is a certain meaſure of thickneſs, beyond 


which the body ceaſes to be tranſparent. There is 
not one opaque body, on the contrary, which may 
not itſelf become tranſparent, if reduced to a plate 
extremely fine. Thus, though gold 1s not tran- 


ſparent, gold-leaf is ſo; and on examining the 


minuter particles of all bodies with the microſcope, 


they are found to be tranſparent. It may, then, 
be with truth affirmed, that all bodies are tranſpa- 
rent, when reduced to a certain degree of fineneſs; 5 
and that no one is ſo, when too grofs. 


In common language, we denominate tranſpa- 


rent, the bodies which preſerve this quality to a 
certain degree of thickneſs, though they loſe it 
when they go beyond that bound. But with te- 
ſpect to ether, it is of its own nature perfectly tran- 
ſparent, and its extent diminiſhes not this quality 
in the ſmalleſt degree. The prodigious diſtance 
of che fixed ſtars prevents not their rays from be- 
ing 1 tranſmitted to us. But though our air appears 
to be of a perfect tranſparency, if it extended as 
far as the moon, that tranſparency would be en- 
tirely loſt, and would prevent every ray of the ſun, 
and of the other heavenly bodies, from penetrating 


to us. We ſhould then be involved i in Egyptian 
darkneſs. 
The reaſon of 1 it is evident, and we remark the 


fame thing in ſound, whoſe reſemblance to light is 


confirmed 


A GERMAN PRINCESS, 133 


confirmed in every reſpect. Air i is the moſt pro- 
per medium for the propagation of ſound ; but the 
agitations excited 1n the air are capable of ſhaking 
alſo the particles of all bodies; and theſe again put- 
ting in motion the interior particles, finally tranſmit 
the vibration through the ſubſtance of all bodies, 


unleſs they be too thick. There are bodies, then, 
which, relatively to ſound, are the ſame thing 
which tranſparent bodies are, relatively to light; 
and all bodies have this property, with relation to 
found, provided they are not too thick. When 


you are in your apartment, you can hear almoſt 


every thing that paſſes in the ante · chamber, though 

the doors are cloſely ſhut, becauſe the agitation of 
the air in the ante- chamber, communicates itſelf 
to the partitions, and penetrates through them in- 
to the inner apartment, with ſome loſs, however. 


Were the partition removed, you would, un- 


: doubtedly, hear more diſtinctly. Now, the thicker 
the walls are, the more of 1 it's force does the ſound —_ 
loſe in piercing through 1 them ; and the walls may 
be made ſo thick, that nothing could be heard 
from without, unleſs it were ſome terrible noiſe, 


ſuch as a diſcharge of cannon. 5 
This leads me forward to a new remark ; that 
very powerful ſognds | may be heard through walls, 
which are impenetrable to ſounds more feeble; 
and, conſequently, in order to form a judgment, 
whether a wall is capable of tranſmitting ſounds, 
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it is neceſſary eo take into the account, not © only 
the thickneſs of the wall, but likewiſe the ſtrength 
of the ſound. If the ſound is very feeble, a very 


thin wal! is ſufficient to ſtop it, though a louder 


could find an eaſy tranſmiſhon. The ſame thing 


holds as to bodies which are permeable only to a 
very ſtrong light. Objects, not very brilliant, are 

inviſible through a glaſs blackened with ſmoke, 
but the rays of the ſun force themſelves through 


it, and it tranſmits perfe&ly well the! image of that 


luminary. Aftronomers employ this method to ob- 
ſerve him ; for without ſuch precaution, he would 5 
dazzle the eye. And when you happen to be in 


a dark room, with an aperture in the ſhutter ex- 


poſed to the ſun, in vain will you attempt to ex- 
clude the light, by oppoſing your hand to the 
aperture ; ; the rays of the ſun will force chemſeves 
through. 


It is perceiveable at t the ſame time, that the 


| light of the ſun loſes much of i it's luſtre 3 in paſſing 
though a body, which, relatively to other objects, ; 
is not itſelf tranſparent. | But a very ſtrong light 
may loſe much of it's luſtre, before it is entirely 
exſtinguiſhed, while a feebler light is loſt at once. 


A piece of very thick glaſs, then, will not be 
tranſparent, with reſpe& to objects leſs brilliant, | 


though the ſun may be viſible through it. 


Theſe remarks on tranſparent bodies, lead me to 
the N of refraction, of which you have fre- 
- quently 
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quently heard, and which I ſhall endeavour to 
place in it's proper light. 
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LETTER XXX. 


7 of the 7 Traxfmifh on of Rays of Light, throngh 1 t . 
Parent ae and their Refraftion. 5 5 


8 long as light n moves in a the lame medium, 
N whether it be ether, air, or any other tranſ- 
parent body, the Propagation proceeds in ſtraight 1 
lines, denominated rays, as they proceed from 
the luminous point, in all directions, as the radii 5 
of a circle, or a globe, iſſue from the centre. In 
the ſyſtem of emanation, the particles darted from 
luminous bodies, move in ſtraight lines; the ſame 
thing holds, i in that which 1 have had the honour of 
propoſing, in which the agitations are communi- 
cated in ſtraight lines, as the ſound of a bell i is 
tranſmitted in a ſtraight line, by which alſo we 
3 judge from what quarter the ſound comes; the 
rays in both ſyſtems, then, are repreſented by 
ſtraight lines, as long as they paſs through the 
fame tranſparent medium; but they may undergo — 


ſome inflection, in paſſing from one to another; 11 
K 2 5 and | 


d 
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and this inflection is called the refraion of the 
rays of light, the knowledge of which is neceſſary 
to account for many phenomena. I proceed, there- 
fore, to lay down the principles, in conformity to 


which, refr action takes place *. 


It is an invariable law, that, when a ray, ſuch bw. 


'BC (plate 1. fg. 8.) falls perpendicularly on the 

ſurface AB of another medium, it continues it's 
progreſs in the ſame ſtraight line extended, as 

CE; it will, 1 in this caſe, undergo no inflection or 

refraction. then, E C is a ray of the ſan, fall- 
ing perpendicularly on the ſurface AB of water, 
or of glaſs, it will enter it in the ſame direction, 

” and continues it's progreſs in the line CF, which 
is, likewiſe, perpendicular to the ſurface A B, ſo 
that E F ſhall be in one and the ſame ſtraight line. 

This 1 is the only caſe in which there | is no refrac- 
tion. But as often as the ray falls not perpendi- 
cularly on the ſurface of another tranſparent body,. 
it does not purſue it's progreſs | in the ſame, ſtraight, 
line; it recedes leſs or more from i it, and under- 
goes a a refraftion, 5: e 


| 9 


* The quantity of _ action is not proportional to the denſity 


of the medium. Sir Iſaac Newton remarks, that inflammable 

ſubſtances, though ſpecifically lighter | than water, produce "A 
much greater refraction: and it was this analogy which ſuggeſt- 
ed to him, that diamonds belong to the ſame claſs; a conjecturt 
- which has been verified within theſe few years. —E, E. 


= 
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Let P C (plate I. fg. 9.) be a ray, falling ob- 
liquely on the ſurface A B, of another tranſparent 
medium. On entering into this medium, it will 
not continue it's progreſs in the dire&ion of the 
ſtraight line © A. which is the line P C produced; 
but will recede from it, in the direction of the 
line CR, orCS It will undergo, then, at the 
point C, an inflection, which we call reftaction, 
which depends partly on the difference of the two 
mediums, ang partlx on che obliquity of the di- 
N of the ray PC 
In order to comprehend. the laws of this in- 

| feftion, it is neceſſary to explain certain terms em- 5 
ployed! in treating this ſubject. . 5 
. Thę ſurface A B, which ſeparates the two 
_ mediums, that from which the ray comes, and 
that into which it enters, is called the refringent 

— ſurface. 2dly. The ray P * which falls upon it, 
is called the incident ray; and, zdly, the ray 
C R, or C'S, which purſues, 1 inthe other medium, 
a courſe different from C Q, is called, the broken, 
or refracted ray. And, having drawn through „ 
ſurface A B, the perpendicular line EC F, we 
call, Athly, the angle P C E, formed by the inci- 
dent ray P C, with the perpendicular E C, the 
angle of incidence z and, 5thly, the angle RCF, 
or S C F, formed by che refracted ray C R or CS, 
with the perpendicular i F, is called the angle of _ 

refraftion. | 


Therefore, 
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Therefore, becauſe of the inflection, which the 
ray of light undergoes, the angle of refraction is 
not equal to the angle of incidence PC E; for 
producing the line PC to Q, the angles PCE 
and F C Q being vertical, are equal to each other*; 
as you will eaſily recollect. The angle QCc : 
then, is equal to the angle of incidence PC E; 
therefore, the angle of refraction RCF or 80 . 
is greater or leſs. There are, then, only two caſes 
which can exiſt; the one, in which the refracted | 


ray being CR, the angle of refraction KCF „ 1 


leſs than the angle of incidence PC E; and the 


85 other, in which the refracted ray being CS; the 


angle of refraction i is greater than the angle of in- 


L cidence PCE. In the former caſe, we fay, that 


the ray CR approaches the perpendicular CF; 
and in the other, that the refracted ray Cd, re- 
cedes or deviates from the perpendicular. 
. neceſſary, then, to enquire, In what caſes 
the one or the other of theſe changes will take 
place? ? And we ſhall find, that this phenomenon a 
depends on the difference of the denſity of the 
two mediums; or becauſe the rays are tranſmitted 


vwith more or leſs difficulty through each of them. 


To prove this, it muſt be recollected, that ether is 
of all mediums the moſt rare, and that through 
which 8 are e tranſmirred, wichout che lighteſt 


- * Euclid' Elements, Book 1. Prop. 15. 
reſiſt; ance, 


reſiſtance. After it, the other common tranſpa- 
rent mediums are thus arranged: air, water, 


glas; thus glaſs is a medium more denſe than 


water; water than air; and air than ether. 


This being laid down, we bave only to attend 5 
to theſe two general rules: iſt. When rays paſs 
from a medium leſs denſe into one which is more 
ſo, the refracted ray approaches the more to the 
perpendicular. This is the caſe, 1 in which the 
incident ra, being P C, the refracted ray is CR. 
2dly. When the rays paſs from a medium more 
denſe to one iefs ſo, the refracted ray recedes from 
- the perpendicular. This i is the caſe, in which the 
incident ray being 5 . the refracted ray is C 8. 5 
Now, this infle&i-n is greater or leſs, according as 
the two mediums differ in reſpect of denſity. Thus, 
rays, in paſſing from alr into glaſs, undergo a 
greater refraction, than when they paſs from air 
into water; in both caſes, however, the refracted 5 
rays approach the perpendicular. In like manner, 
rays paſſing from glaſs into air, undergo a greater 
refraction than when they paſs from water into 
air; but in theſe caſes, the refracted ray recedes 5 


from the perpendicular. 


Finally, it muſt likewiſe be remarked, that the 
difference between the angle of incidence and the 


angle of refraction is ſo much greater, as the angle 


of incidence is greater, or, as the incident ray re- 


cedes farther from the perpendicular, the greater : 
will 
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will be the inflection or refraction of the ray. A 
relation of all theſe angles exiſts, and is determin- 
= able by geometry; but it is not now neceflary to 
| enter into the detail. What has been already ſaid, 
is ſufficient for underſtanding. what L have farther 

to propoſe on the 88 


8 


22d Fuly, 1 760. 


LETTER Xxx 


| Refraion of Reys of di di Here ent Colour 4. 


FOU have ſeen, that when a ray of light 1 1 
ſes obliquely from one tranſparent medium 
to another, it undergoes an inflection, which is 
called refraction, and that the refraction depends 
on the obliquity of the incidence, and the denſity : 
of the mediums. I muſt now call upon you to 
remark, That diverſity of colours occaſions, like- 
wiſe, a ſmall variety in the refraction. This ariſes, 7 
undoubtedly, from hence, that the rays which ex- 
ciie in us the ſenſations of different colours, per- 
form unequal numbers of vibrations I in the ſame 
times, and that they differ among themſelves, in 
the ſame manner as ſharper or flatter ſounds do. 
- Thus, It is obſervable, that rays of red underga 
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the leaſt inflect ion or refraction; after them come 
the orange; the yellow, the green, the blue and 
the violet, follow in order; fo that violet- coloured 
rays undergo the greateſt refraction; ; it being al- 
ways underſtood, that the obliquity of the inci- 
dence, and the denſity of the mediums are the 


ſame. Hence, it is concluded, that rays of dif- 
ferent colours have not the ſame refrangibility ; 
that the red are the leaſt refrangible, and "_ vio- 


let - coloured the moſt W 4 
- If then, P. C. (plate l. fe. 10.) is a ray paſſing, 


for example, from air into glaſs : the angle of in- 
cidence being P C E, the refracted ray will ap- 
os proach the perpendicular CF; and if the ray be 
red, the refracted ray will be in the direction Cos 
red; if it be orange, the refracted ray will be C— 
orange, and ſo of the reſt, as may be ſeen in the 
5 figure. All theſe rays deviate from the line C Q, 
which is PC produced, toward the perpendicular 
f C F; but the red ray diviates the leaſt from C Q, : 
= undergoes the leaſt inflection, and the violet 
recedes the fartheſt from C Q, and undergoes the 


5 greateſt inflection. 


Now, if P C is a ray of the fi. it t produces, at 
once, all the coloured rays indicated i in the figure ; 
and if a piece of white paper is placed to receive 
them, you will, in effect, ſee all theſe colours; 

hence, it is affirmed, that every ray of the ſun con- 
tains, at once, all the ſimple colours. The ſame 


thing 
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thing happens, if P C is a ray of white, or if it 


proceeds from a white body. We ſee all the co- 


lours produced from it by refraction, whence it is 


concluded, that white is an aſſemblage of all the 
ſimple colours, as we ſhewed formerly. In truth, 


we have only to collect all theſe coloured Hays. 


into a ſingle point, and the colour of white will be 
the reſult. 


It is thus we diſcover what are the ſimple co- 


lours. Refraction determines them inconteſtably. 
In following the order which it preſents, they 
are theſe: 1. red, 2. orange, 3. yellow, 4. green, 
5. blue, 6. violet. But it muſt not be imagined, 
that there are but ſix : for as difference of colours 
ariſes from the number of vibrations which rays 
© perform in one and the ſame time, or rather the 


undulations which produce them : it is clear, that 


the intermediate numbers equally give ſimple 
5 colours. . But we want numes, by which to deſign | 


theſe 


* This remark, that the number of primitive eolodrs much 


exceeds ſix, is very juſt. The colours of the rain- bow, or of 
the ſpectrum , formed by a priſm, paſs i into each other by inſen- 
ſible ſhades, ſo that it is impoſſible to define their boundaries. 
There is reaſon to ſuſpect, that, even the great Newton was, in 
this inſtance, miſled, by a predilection for the number ſeven, 
which, during many ages, has been regarded with a fort of 


myſtical veneration. The correſpondence, which he obſerved, 


bdetween the diviſions of the ſpectrum, and thoſe of the mono- 


chord, and which ſo many authors have ſince repeated, is w holly 
ideal ; 


A GERMAN PRINCESS. | 143 


theſe colours; for between yellow and green, we 
evidently perceive intermediate colours, for which 
we have no ſeparate names. 
It conformity to the ſame laws, are produced 
the colours viſible in the rainbow. The rays of 
the ſun, in paſſing through the drops of water 
which float through the air, are, by them, reflect- 
ed and refracted, and the refraction decompounds 
them into the ſimple colours. You muſt, un- 
doubtedly, have remarked, that theſe colours fol- 
low each other, in the ſame order, in the rain- 
bow, the red, orange, yellow, green, blue, and 
violet; but we diſcover in it, alſo, all the inter- 
mediate colours, as ſhades of one colour to ano- 
| ther, and had we more names to diſtinguiſh theſe 
degrees, we might find more of them from the one 
extremity to the other. A more copious language 
may, perhaps, enable another nation actually to 
reckon up a greater number of different colours; 
and another, it may be, cannot reckon up ſo 
many; ; if, for example, i It wants a term to expreſs - 


_ ideal; for the proportions, W the extent of the different 

colours are, in a great meaſure, determined by the peculiar qua- 
lity of the refracting mediums. Thus a priſm of glaſs, in which 
alkali predominates, forms a ſpectrum, extremely unlike that 
formed by one of glaſs, compoſed principally of lead. Were a 


perſon to reckon only the moſt conſpicuous of the primitive co- 


lours, he would, moſt probably, ſelect the number fix, for the 
oy Can ay be diſtinguiſhed. —E. E. 


what 
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what we call orange. Some to theſe add purple, 
which we perceive at the extremity of the red, 
but which others comprehend under the ſame 
name with red. 5 


. D. E. F. G. | A. B. 
SOD = A 
—- ls 2 = 8 E Q. . 
„„ 0 - 8 23 * D 
* *** 


Theſe colours may be compared to the notes of 


an Octave, as 1 have done here, becauſe the rela- 


tions of colours, as well as thoſe of ſounds, may 
be expreſſed by numbers. There is even an ap- 
pearance, that by ſtraining the violet a little more, 
you may come round to a new purple, juſt as 
in riſing from ſound to ſound, on going beyond B, 
you come round to c, which is the octave above C. 
And, as in muſic, we give to theſe two notes the 
ſame name, becauſe of their reſemblance, the ſame 
thing takes place in colours, which, after having 
riſen through the intervals of an octave, reſume 
the ſame names: or, if you will, two colours, like 
two ſounds, in which the number of vibrations W 
the one, is preciſely the double of the other, paſs 5 
for the ſame, and bear the ſame name. 
On this principle it was, that father Caſtel, in 
France, contrived a ſpecies of muſic of colours. 
He conſtructed a harphicord, of which every key 


diſplayed 
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diſplayed a ſubſtance * certain colour, and he 
pretended, that this harpficord, if ſkilfully touch- 
ed, would preſent a moſt agreeable ſpectacle to the 
eye. He gave it the name of the ocular harpſicord, 
and you muſt, undoubtedly, have heard it talked 
of. For my part, painting rather ſeems to be that 
to the eye, which muſic is to the ear; and 1 
greatly doubt, whether the repreſentation of ſeveral 


ſhreds of cloth, of different colours, could be very 
1 


27th Fuh, 1760: 


LE 7 T E R XXII. ” 
07 the Azure-colour of the Heavens: 


P, o have juſt ſeen, that the cauſe of ts Vi- 
A ſibility of objects, is a motion of vibration 
” extremely rapid, by which the minuter particles 

of their ſurfaces are agitated, and that the fre- 
quency of theſe vibrations determines the colour. 
It is the ſame thing, whether theſe particles be 
agitated by an Intrinſic force, as in luminous bo- 
dies, or whether they receive their agitation from 
iuumination, or from foreign rays, by which they 
are illumined, as in opaque bodies. The Trequen- 

Vo . cy, 
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cy, or rapidity of the vibrations depends on the 
groſſneſs of theſe particles, and on their elaſticity, 
as that of the vibrations of a muſical ſtring de- 
pends on it's thickneſs, and degree of tenſion; | 
thus, as long as the particles of a body preſerve the 
fame elaſticity, they repreſent the ſame colour; as 
the leaves of a plant preſerve a green colour, as 
long as they are freſh; but when they begin to 
dry, the difference of elaſticity, which then takes 
place, produces, likewiſe, a different colour, This 
ſubject I have already diſcuſſed. I now proceed to 
explain, Why the heavens appear to us of a blue 
colour, in the day-time. 
On obſerving this phenomenon with a vulgar 
eye, it would appear, that we are ſurrounded by a 
77 prodigious vault of azure, as painters repreſent 
the ſky on a ceiling. I have no occaſion to un- 
deceive you, reſpecting this prejudice: a ſmall de- 
gree of reflection is ſufficient to make you com- 
prehend, that the heavens are not an azure vault 
to which the ſtars are affixed, like ſo many lumin- 
ous ſtuds, You are perſe&tly convinced, that the 
ſtars are immenſe bodies, at inconceiveable diſ- 
tances from us, and which move freely through a 
ſpace almoſt void, or which is filled only by that 
ſubtile matter called ether. And I will ſhew you, 
that this phenomenon. is to be aſcribed to our at- 
moſphere, Wich is not perſectly tranſparent. 


Were 
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Were it poſſible _ higher and: higher above 


gradually more and more rare, till it ceaſed to aſ- 
ſiſt reſpiration; and would, at length, entirely 
ceaſe ; we ſhould then have reached the region of 
pure ether. Accordingly, In proportion as we 


aſcend on mountains, the mercury in the barome- 
ter continues to fall, becauſe the atmoſphere be- 
comes lighter and liohter : and then, likewiſe, it 
is remaiked, that the azure colour of the heavens 
becomes fainter; and were it poſſible to mount 


into pure ether, it would entirely diſappear; on 


looking upward, we ſhould ſee nothing at all, and 
the heavens would appear black as night; for 
where no ray of light can reach us, every thing 


wears the appearance of black. 


There is good reaſon, then, for aſking, Why the 


| heavens appear to be blue? This phenomenon 


could not exiſt, were air a perfectly tranſparent f 
| medium, as ether i is: in that caſe, we ſhould re- 


ceive from above no other rays but thoſe of the 


ſtars: but the luſtre of day- light is ſo great, that . 
the feeble light of the ſtars is abſorbed by . You 
could not perceive the flame of a taper in the day- 


time, at any conſiderable diſtance ; but that ſame 


flame, 1n the night, would appear very brilliant at 
much greater diflances. This clearly proves, that 
we muſt look for the cauſe of the azure. colour of 


the heavens, in the want of tranſparency, in the 
L 2 air. 


the ſurface of the earth, the air would become 
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air. The air is loaded with a great quantity of 
{mall particles, which are not perfealy tranſparent, 


but which, being illumined by the rays of the fun, 


receive from them a motion of vibration, V hich 


produces new rays proper to theſe particles; or elſe 


they are opaque, and become viſible to us from 


being illumined. 


Now, the colour of theſe particles i is blue; and 
this explains th: phenomenon : the air contains a 


great quantity of ſmall blue particles: or it may 
be faid, that it's minuter particles are bluiſh, but 
of a colour extremely delicate, and which be- 
comes ſenſible to us only 1 in an enormous maſs of 
air. Thus, in a room, we perceive nothing of chis 
blue; but when the bluiſh Trays of the whole at- 
, moſphere penetrate our eyes at once, however de- 
licate the colour of each ſingly, their totality may 
| Podoce a very deep colour. 


This is confirmed by another phenomenon, with 


which you muſt be well acquainted. It you look 
at a foreſt, from a moderate diſtance, it appears 


quite green; but in proportion as your diſtance 


increaſes, it acquires a bluiſh caſt, and this gra- 


dually becomes deeper and deeper. The foreſts 
on the mountains of Hartz, which may be ſeen 
from Magdeburg, appear thence to be blue, but 


viewed from Halberſtadt, they are green. The 


great extent of air between Magdehurg and theſe 


mountains, is the reaſon of it. However delicate 
— 
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or rare the bluiſh particles of the air may be, there 
is ſuch a prodigious quantity of them in that in- 
terval, the rays of which enter into the eye at 


once, that they repreſent a tolerable deep blue “. 
e FFC NY 


* This explanation of the blueneſs of the ſky is raiden and 
unſatisfactory. The air is, like water, perfectly colourleſs, other- 
wiſe any portion of it might be diſtinguiſhed by the fight. Be- 

ſides, the blueneſs of the ſky, even in clear weather, is not uni- 

formly the ſame, but acquires different degrees of intenſity, and 

different ſhades, from a variety of circumſtances, the climate, the 
ſeaſon, and the elevation of the place. The true explanation of 0 
the phenomenon muſt be ſought from other principles. The 

moſt refrangible rays are, at minute diſtances, attracted or re- i 

pelled, by colourleſs ſubſtances, with the greateſt force. A ſun- 
beam, therefore, in it's paſſage through the atmoſphere, will 
firſt loſe it's violet rays moſt profuſely, next the indigo, then the 
blue, and if the track be of ſufficient length, perhaps a few of 
the green. The rays, thus ſeparated, are either abſorbed by the 
air, or they are reflected, and cauſe the blue appearance. Hence, 
on the ſummits of lofty mountains, the colour of the heavens 
ſeems faint and dark, and inclined ſomewhat to violet. On 5 
the contrary, in denſe humid air, the colour is a light milky 


blue. Hence, alſo, the bright azure which paints the ky of the 


ſwouthern regions, owing to the dryneſs of tbe air, and the ſhort- 
neſs of the lights tract. For the ſame reaſon, not only the quan- 
tity, but even the quality, of the light which we receive from 
the ſun, depends on his altitude. At riſing, and ſetting, thoſe. 
rays which reach the ſurface, and even the lower range of clouds,. 
are chiefly the reddiſh; at a greater elevation of the ſun, the pre- 
wailing colour of his beams is ſomewhat orange; and when ſtill 
higher, it is a dilute yellow. 

The ſame priaciples will account for the colour of the ocean, 
nich is dark blue. It is only in ſeas, not exceeding one hundred 
L3 fathoms 
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We remark a fimilar phenomenon in a fog, 
when the air is loaded with a great . quantity of 
opaque particles of a whitiſh colour. On looking 
to only a ſmall diſtance, you ſcarcely pereeiye the 
fog; but when the diſtance is conſiderable, the 


whitiſh colour becomes very perceptible ; to ſuch 
a degree, that it is impoſſible to ſce through | it. 


The water of the ſea appears green at a certain 


depth; but when you take up a ſmall quantity, 
as much, for inſtance, as a glaſs will contain, it is 


ſufficiently diaphonous, and has no ſenſible colour: 


but in a great extent, when you look toward the 


bottom, fo many greeniſh rays colleQted produce a 
| deep colour. i | 


nb Jah, 1760, 


fathoms i in depth, that the reflection from the white bottom di- 
lutes the proper colour, and forms a glaucous hue. This appear- 


ance is an invariable ſign of the ſhallowneſs of the water, which 


is often a token of the proximity of the land. Dr. Hally relates 

an obſervation that he made in a diving- bell, which confirms 

| theſe reaſonings ; 4 after deſc ending to a great depth in, the ſea, he 
ſtretched out his hand, on which the ſun ſhone through the wa- 
ter, and painted a beautiful crimſon. The ſame obſervation may 
be extended, even to ſubſtances that are reckoned opaque. Hold 

an ivory knife in the focus of a burning glaſs, perpendicular to 

the pencil of light, and a bright yellowiſh ſpot will be perceived 
on the back. Incline the knife gradually, and the colour of the ſpot 
will paſs through all the inter mediate ſhades, and terminate in a 
fine red. It is ſcarce neceſſary to remark, that this experiment 
muſt be performed expeditioully, leſt the Tory ſcorched. —E.E. 


LETTER 


LETTER XXXIIL 


of ys iſſuing from a diſtant luminous Point, and of 
they viſual Angle. 


ſtraight lines, iſſuing from a luminous point, in all 
directions. 
Let C (Plate x. 8 11. y be a e point, 


from. which rays iſſue in all directions. Let two 
ſpheres be deſcribed round © "$4 centre, of the 


one of which, let the great: circle be abde, and | 
of the other A BD E. The light diffuſed over 5 


D the ſurface of the ſmaller ſphere a 6 d e, will like- 
L4 wiſe 
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8 long as the rays produced by the rapid vi- 
-beation of the minuter particles of a body, 
move in the ſame tranſparent medium, they pre- 7 
ſerve the ſame direction, or diffuſe themſelves in 
all directions, 1 in ſtraight lines. Theſe | rays may be 
repreſented by 1 the radii of a circle, or rather of 5 
ſphere, which, iſſuing from a centre, proceed in 
ſtraight lines to the circumference ; ; and it is on 
account of this reſemblance, that we employ the 
ſame term radius, or ray, to expreſs them, though, 
properly ſpeaking, the light does not conſiſt of 
lines, but of very rapid vibrations, going continu- 
ally forward, in the direction of ſtraight lines: 
and, for this reaſon, light may be conſidered as 
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wiſe occupy that of the greater ſphere A B D E. 


The light, then, muſt be more faint and weak at 
the ſurface of this laſt, than on that of the ſmaller 


ſphere a b de. Hence it may be concluded, that 


the effect of light muſt be ſmaller, in proportion to 
the diſtance from the luminous point. If we ſup- 
poſe, that the radius of the greater ſphere is double 
that of the ſmaller, the ſurface of the greater ſphere 
will be four times as great. Since, therefore, the 
ſame quantity of light is diffuſed over the ſurface 
= of the greater love, and over that of the ſmaller, 
it muſt follow, that light, at double the diſtance, i is 
four times more faint; at thrice the diftance, nine 
mines; af 4 . diſtance, ſixteen times; 
and ſo on K. 


On applying this rule to > the light of the 4 it 


will appear, that if the earth were removed to 
double the diſtance from the ſun, the light derived - 
from him would be rendered four times more 
faint; and if the ſun were a hundred times farther 
from us, his brightneſs would be a hundred times 


-— As the ſurfaces of ſpher es are to one ks a8 hs ſquares 
-4 of their tadii, it muſt be concluded, from what the Author has 4 

| juſt now ſaid, that the intenſity of light, at different diſtances 
from the point which produces it, is in the inverſe ratio of tùhe 
ſquare of theſe diſtances. It muſt be recollected, that the ſquare 


of a number is the product which reſults from the multiphcation 


of — gumber by itſelf. —F, E. 


n hundred, 
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2 hundred, that is, ten thoufand times leſs. Sup- 
poſing, then, a fixed ſtar to be as great, and as 


luminous as the ſun, but that it was 400,000 times 
farther from us, its light will be 400,000 times 
400,000, that is, 160, ooo, ooo, ooo times more 
faint than that of the ſun. Hence we ſee, that the 
light of a fixed ſtar 1 is nothing, compared to that 
of the ſun; and this! is the reaſon that we do not 


ſee the ſtars in the day time: a feebler light al- 


ways diſappears in preſerce of one much more 
= bright. The ſame thing holds good with reſpect to 
candles, and all other luminous bodies, which ad- 
miniſter leſs light, in proportion to their diſtance 


from us; and you muſt have frequently remarked, 


that however ſtrong a light may be, it is inſuffi- , 
eient to aſſiſt us in reading a printed bo . if you 


remove from 1 it to any ee diſtance. 


There is ſtill another circumſtance, cloſely con- 


ed with what I have juſt obſerved; namely, 


"that the fame object * ſmaller to us, in pro- 
portion to its diſtance. A giant, at a great diſ- 

&, does not appear caller than a dwarf near us. 

M a clearer judgment of this, it is neceſſary : 


to attend to the angles at which theſe objects are 
ſeen by us. 8 
Let us ſuppoſe, then, (plate I. 1 12.) AB 
to be an object, ſay a man, and that the eye looks 
at it from the point C. Draw from that point the 
85 iD —.— 
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ſtraight lines, ACandBC, which repreſent the 
extreme rays proceeding from the object to the 
eye; we call the angle formed at C, the viſual 
angle of that object for the point C. If we look at 
the ſame object from a ſmaller diſtance, at D, the 
viſual angle D will be, undoubtedly, greater: 
hence it is clear, that the more diſtant the ſame 
| object is, the ſmaller is its viſual angle; and the 
nearer it approaches, its viſual angle becomes . 
greater. 
5 Aſtronomers meaſure very accurately the angles 
under which we ſee the heavenly bodies, and they 
have found, that the viſual angle of the ſun is 
ſomewhat more than half a degree. If the ſun 
were twice farther from us, this angle would be 
reduced to the half; and then it will not ſeem 
ſurprizing that it ſhould furniſh us four times leſs 
| light. And if the ſun were 400 times farther off, 
his viſual angle would become ſo many times leſs, 
and, then, that luminary would appear no greater 
than a ſtar, We muſt, therefore, carefully diſtin- 
guiſh the apparent greatneſs of any object from 1 its | 
real greatneſs, The firſt is always an angle greater 
'or leſs, according as the object is nearer or more 
qiſtant. Thus the apparent greatneſs of the ſun, is 
an angle of about half a degree, whereas his real 
magnitude far lurpaſſes that of the earth; for the 
Jun being a globe, his diameter! Is eſtimazed to be 
172,000 
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112,000 German miles *, while the diameter of 
the earth is only 1720 + miles }. 


29th July, 1760. 


TY on I 


Of the e which Judgment lends to ili. 


the different angles under which objects are ſeen. 


You muſt have already remarked, that the ſame 


83 | 799,000 miles Engliſh. 


4 Aftronomers likewiſe call the apparent diameter of a ſtar the : 

| MAN under which it is ſeen. Thus, they ſay, that the mean 
diameter of the ſun is 31 58”; that of the earth, viewed from 
the ſun, would be 17“. 5 Hence it follows, that the diameter of 
the earth being 286 5 leagues, that of the ſan is 323,000 leagues. 


The German mile contains 4000 fathoms, or 24,000 feet. The 


league of France contains 2282 fathoms. Hence it is eaſy to re- 


fluce | the one meaſurement i into the other, —F. E. 


THAT 1 have now ſubmitted to you on the 
phenomenon of viſion, belongs to optics, | 
ck is a branch of mixed mathematics, and 
which, likewiſe, holds a conſiderable rank in phy- 
fics. Beſide colours, the nature of which I have 
endeavoured to explain, it is the buſineſs of optics 
to treat of the manner in which viſion acts, and of 


” 7,920 miles Englith. 22 
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object may be viewed, ſometimes under a greater 
viſual angle, ſometimes under à ſmaller, as it is 
leſs or more diſtant from us. I ſay farther, That 
a ſmall object may be viewed under the ſame angle 
as a great one, when the former 1 1s very near, and 
the latter very diſtant, A ſmall diſh may be 
placed before the eye in ſuch a manner, as to cover 
the whole body of the ſun; and, in effect, a plate 
of half a foot diameter, at the diſtance of 54 feet, 
exactly covers the ſun, and is ſeen under the ſame _ 
angle: aad yet what a prodigious difference be- 
tween the ſize of a plate and that of the ſun : The 
full moon appears to us under nearly the ſame vi- 
ſual angle as the ſun, and, of conſequence, nearly 
as great, though 1 in reality much ſmaller; but it is 


to be conſidered, chat the ſun is almoſt 4⁰⁰ times 
more remote from us than the moon. 


The viſual angle | is a point of ſo much the more 
importance in optics, that the images of the ob- 
jects, which paint themſelves on the bottom of the p 

eye, depend upon it. The. greater or leſs the viſual 
angle is, the greater or leſs they (che objects) are” 
great or little. And as we ſee objects out of our- 
ſelves, only ſo far as their images are painted on 
the bottom of the eye, they conſtitute the imme- 
diate object of viſion or ſenſation. One of theſe 
images, therefore, leads us to the knowledge only 
of three things. Fuſt, its figure and its colours 


conduct to che concluſion, That there is, out of 


us, 


4. 
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us, a ſimilar object, of ſuch a figure, and ſuch a 
colour. Secondly, its magnitude diſcovers the vi- 
ſual angle under which the object appears to us: 
and, finally, its place on the botiom of the eye 
makes us ſenſible of the direction of the external 
object, relatively to us, or that in which the rays 
emitted from it reach our eyes. 
In theſe three particulars conſiſts the phenome- 
non of viſion; and we only perceive, 1ſt, the 
: figure and colours; 2dly, the viſual angle, or the 
apparent magnirude ; and, 3dly, the direction, or 
the place in which we conclude that the object exiſts. 
Viſion, then, diſcovers to us nothing reſpecting 


either the real magnitude of objects, or their diſ- 
tances. -F hough we frequently! imagine, that we 
can determine by the eye the magnitude and diſ. 
tance of an obje&, this! is not an act of viſion, but 
of the underſtanding. The other ſenſes, and ha- 
bits of long ſtanding, enable us to calculate at what 
diftance an object is from us. But this faculty ex- 
tends only to objects at no great diſtance. When- 
ever their diſtance becomes conſiderable, our Judg- 
ment cannot exerciſe itſelf with certainty ; and if 
| ſometimes we venture to hazard a deciſion, it is 
generally very remote from the truth. 
Thus, no one can pretend to ſay that he ſees the 
magnitude or the diſtance of the moon ; and when 
the vulgar imagine they can judge of the firſt, by 
conſidering it as equal to that of the terreſtrial bo- 
dies 
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dies which art ſeen under the ſame angle, it is not 


by viſion they are deceived, but by their judg- 
ment, which they want to apply to an object far 
beyond their reach. It is certain, therefore, that 


the eyes alone can determine nothing reſpecting 5 


the diſtance and magnitude of objects. 
To this ſubje& may be referred the very re- 


markable caſe of a man born blind, who obtained 
fight, by means of an operation, at an advanced 
period of life “*: This perſon was at firſt dazzled : 
he could diſtinguiſh nothing as to the magnitude : 
and diſtance of objects. Every thing appeared ſo 
near, that he wanted to handle them. A conſi- 
. derable time, and long practice, were requiſite to 
bring him to the real uſe of fight. He was under | 
the neceſſity of ſerving a long apprenticeſhip, ſuch 
as we perform during the term of childhood, and 


of which we afterwards preſerve no recollection. 
This 1 it is which inſtructed us, that an object 


appears to us ſo much the more clear and diſtinct 
as it is nearer; and reciprocally, that an object 
which appears clear and diſtinct is near; and when : 
it appears obſcure and indiſtinct, that it is at a 
diſtance. Ir is thus that painters, by weakening : 
the tints of the objects which they wiſh to appear 
remote, and ſtrengthening thoſe which they would 


* This was the blind man, on whom the famous Chefelden. — 


perfor med the operation of e the catar act.—F. E. 
* preſent 
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repreſent : as nearer, are enabled to determine our 

judgment, conformably to the effect which they 

mean to produce. And they ſucceed ſo perfectly, 

that we conſider ſome of the objects repreſented in 

painting as more diſtant than others: an illuſion 
which could not take place, if viſion diſcovered to 
us the real diſtance and magnitude of objects. 


* dug 17 760. 


LETTER XXXV. 
Explanation of certain Phenomena relative to Optics. 


7 0 have jult ſeen, that viſion alone diſco- 
1 vers to us nothing, reſpecting either the real 
” magnitude or the diſtance of objects; ; and that all 

we imagine we ſee, whether as to the diſtance or 
magnitude of any object, is che effect of judgment. 

We muſt carefully diſtinguiſh that which the ſenſes 

repreſent to us, from what judgment adds, in 

which we frequently deceive ourſelves. Many | 
philoſophers, who have declaimed againſt the accu- 
racy of the ſenſes, and who meant thence to infer 
the uncertainty of all human knowledge *, have 


* Such were the Fd ie We Kill give the name of 


epic i/m, or Pyr rhoniſm, to this ſtate of univerſal doubt. or un- 
* —þ, „ 


confounded 


466% TxTT IA To. 


confounded the proper reprofentations of 0 our ſenſes 


with zudgment. 


This is their mode of reaſoning : We ſee the 


ſun no bigger than a trencher, though it be infi- 
nitely greater ; therefore the ſenſe of ſeeing de- 
| Ceives us; therefore all our ſenſes deceive us; at 
leaſt, we cannot depend on them: therefore, all 
the knowledge we acquire by means of the ſenſes, 
15 Uncertain, and probably falſe : We, therefore, 
know nothing. Such is the reaſoning of theſe | 
ſceptics, who boaſt, ſo vain- gloriouſly, of their i in- 
genuity; though there be nothing ſo eaſy as to 
ſapy, that every thing is uncertain; and the greateſt 
dunce may make a ſhining figure in this ſublime 
philoſophy. But it is abſolutely falſe, that the 
fight repreſents to us the ſun no bigger than A 
peu ter plate; it determines nothing whatever re- 
ſpecting his magnitude; it is our judgment alone 
that deceives us. When the objects. however, are 
not very diſtant, we can pronou nce with tolerable 
exactneſs on their dimenſions and diſtances ; ; and 
the other ſenſes, joined to the degree of clearneſs yy 
with which we ſee theſe ſame objects, render our 
judgments ſufficiently certain. Now, as ſoon as 
We have the idea of the diſtance of an object, we 
form to ourlelves, likewiſe, that of! its real magni- 
tude, knowing that it depends on that diſtance. 
a Hence, the more diſtant we reckon an object to: 
be, the greater we conclude 1 is its magnitude; and 


reciprocal Fs.” 
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reciprocally, the nearer we conclude it is, the ſmal- 

ler we ſuppoſe it. We, of courſe, frequently take 
one body for another of much greater magnitude, 

when a ſuſpenſion of judgment prevents our taking 

diſtance into the account. The reaſon is, that a 
very large body may be ſeen, at · a great diſtance, 
under the ſame angle as a ſmall object 88 

near us. . 


1 here i is another phenomenon, well known W-- 


every one, and which has given occaſion to many 
diſputes among the learned, and which i it is now 
perfectly eaſy to explain. The full moon appears, 
to every eye, at the time of her riſing, to be much 
greater than when ſhe has got to a conſiderable 
height above the horizon, though the viſual angle 
of the apparent magnitude be the ſame. The ſun 
too, at the time of riſing and ſetting, appears to 
every one greater than at noon. What then is the 


7 foundation of this judgment, ſo univerſal, and fo 


falſe ? It is, undoubtedly, becauſe. we judge the 
| ſun and the moon, in the horizon, to be at a 
8 greater diſtance from us, than when they have got : 
to a conſiderable height. . . 
But how come we to form ſuch a judgment J 
The common anſwer is, that when the ſun and the 
moon are in the horizon, we perceive a great many 
objects between them and us, which ſeem to in- 
creaſe their diſtance; ; whereas when the ſun and 


moon have riſen to a great height, w we perceive no- 
Vor. I. e eee, eee ERR RT ching 
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thing between them and us, and therefore con- 
clude, that they are nearer. I know not whether 
this explanation will be ſatisfactory. It may be 
objected, that an empty apartment appears greater 
than one completely furniſhed, though the ſize be 
exactly the ſame ; ſeveral i intervening objects, there- 
fore, do not always lead us to imagine, that one 
more remote is at a greater diſtance than is really 
the caſe. I flatter myſelf, that the following ſolu- 
tion will be deemed more natural, and better | 
founded. 


Let the circle A ( as I. fs 13. 55 repreſent the 


: earth, and the dotted circle the atmoſphere, or ar 


with which the earth 1s ſurrounded ; ſuppoſe your- 


ſelf ſtationed at the point A, if the moon is in the 


horizon, the rays will reach you 1 in the direction of 


the line B A; but! in her extreme height, the rays 1 


will deſcend | in the line C A. In the firſt caſe, „ 
rays paſs through the greater ſpace BA; and in 


| the ſecond caſe, through the ſmaller ſpace C . 


Now, you will pleaſe to recollect, that the rays of 
light, which paſs through a tranſparent. medium, | 
have their force diminiſhed, in proportion to the 
length of the paſſage. The atmoſphere, or air, 
then, being 4 tranſparent medium, the ray B A 
muſt, in its paſſage, loſe much more of its force 
than the ray C A. Hence it follows, in general, 
that all the celeſtial bodies appear much leſs bril- 
liant in the horizon, than when fully riſen and 


elevated 


„ r LIES. 
* n | * — 8 


* . 
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elevated. We are able to look directly even at the 
ſun, when he is in the horizon; but when on-e he 
has gained a certain height, the eye is conſtrained 
to ſhrink from his luſtre, 

I conclude from this, that the moon too appears 
| leſs brilliant! in che horizon than When elevated *, . 
Now, 


This explanation of the appearance of the horizontal moon 
was offered, in the beginning of the preſent century, by the acute 
Dr. Berkeley, Biſhop of Cloyne. It has ſince been refuted by 
that excellent optician, Dr. Smith, who was the firſt that com- 
pletely inveſtigated this curious ſubject. The following i is an 
abſtract of the theory, from Dr. e y 5 _— of Viſion, 2 
Light, and Colours.”— _ - 
Re! the ſurface of the earth were perfectly plane,” ſays Dr. 
f Smith, e the diſtance of the viſible horizon would ſcarce exceed c 
| $,000 times the height of the eye above the ground, or the diſtance 
of miles (ſuppoſing the height of the eye to be between five and 
ſix feet) and all objects placed beyond that diſtance would appear 
in the viſible horizon. All objects and clouds, likewiſe, placed 
at any diſtance beyond this, muſt, conſequently, if they be viſible _ 
at all, appear to be in the horizon. Hence,” he ſays, © if we 
ſuppoſe a vaſt wall to be built at the extremity of the plane, be- 
yond the point of viſible diſtance, it will not appear ſtraight, but 
circular, as if built upon the circumference of the horizon; and, 
if continued infinitely, would make a perfect ſemi-circle. If 
nov this round plane, with the wall upon it, be imagined to be 
_ raiſed, till it come perpendicular to the reſt of the plane, on 
which a perſon ſtands, the wall will appear like the concave 
figure of the clouds over his head. But, though the wall, in the 
horizon, appear in the ſhape of a ſemi- circle, yet the cieling will 
not, but much flatter; becauſe the horizontal plane was x viſible 
ſurface, w which ſuggeſted the idea of the ſame diſtances quite round 
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Now, you will recolle& what I ſaid a little above, 
in ſpeaking of effect in painting, that the ſame ob- 
ject 


the eye; but in the vertical plane, extended between the eye and 
the cieling, there is nothing that affects the ſenſe with an idea of 
its parts. Conſequently, the apparent diſtances of the higher 
parts of the cieling will be gradually diminiſned. Now, when 
the ſky is quite overcaſt with clouds of equal gravities, they will 
all float in the air at equal heights above the earth, and confe- 
quently will compoſe a ſurface reſembling a large cieling, as flat 
as the viſible ſurface of the earth. Its concavity, therefore, is not 
real, but apparent; and when the heights of the clouds are un- 
equal, ſince their real ſhapes and magnitudes are all unknown, 
the eye can ſeldom diſtinguiſh the unequal diſtances of thoſe 
clouds which appear in the ſame directions, unleſs when they are 
very near us, or are driven by contrary currents of the air. So 


that the viſible ſhape of the whole ſurface remains alike in both 8 


caſes. And when the ſky is either partly overcaſt, or perfectly free 
from clouds, it is a fact, that we till retain much the ſame idea 
of its concavity, as when it was quite overcaſt. But if any one 
thinks that the reflexion of light from the air is alone ſufficient x 

3 to ſuggeſt that idea, he would not diſpute it.“ 

„ The concavity of the heavens appears to the ey e, which i 3 
| the only judge of an apparent figure, to be a leſs portion of a 
ſpherical ſurface than an hemiſphere. In other words,” he ſays, 
s the center of the concavity is much below the eye ; and, by 
taking 2 medium among ſeveral obſervations, he found the ap- 
parent diſtance of its parts, at the horizon; was generally between 

| three and four times greater than the app arent diſtance of its 
parts over head. 5 

« This he 1 by meaſuring the ual height of ROY 

- of the heavenly bodies, when, to his eye, they ſeemed to be half 


way between the horizon and the zenith. In tins caſe, their real 85 


altituge was only 23 degrees.” — 


ED 
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je& appears to us more diſtant when its light is 
weakened: the moon, then, being in the horizon, 
muſt appear more diſtant than at any point of ele- 
vation. The conſequence is obvious; as we judge 
the diſtance of the moon greater in the horizon, 
we muſt likewiſe judge her magnitude greater. 
And, in general, all the ſtars, when near the hori- 
Lon appear to us greater, becauſe their apparent 
| diſtance Is greater. 


8 7 are, 1760. 


Upon theſe Prinei iples Dr. Smith confir bed the follow in 8 
table: 


"us or Moon? 8 Altitude, 
"-." in degrees. - 
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- | 
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60 
90 


Apparent Diameters, 
or diſtances. 
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LETTER XXXVI. 


Of Shade. 


1. HAVE dene to ck almoſt all that 
1 is uſually treated of in optics. All that remains 
is to ſ ſpeak of ſhade. You already know too well 
what is meant by ſhade, to render it neceſſary for 
me to dwell long on the ſubject. Shade always 
ſuppoſes two things: a luminous body, and an 
opaque body, which does not tranſmit che rays of 
light. The opaque body, then, prevents the rays 
1 luminous body from getting behind it, and 
the ſpace which the rays cannot reach, from this 
| interception, is called the ſhade of the opaque 
body, or, what comes to the ſame thing, ſhade in- 
cludes all that ſpace in which the luminous body 
is not to be ſeen, becauſe the opaque body ob- 
ſtructs its rays. 
Let A (plate 1. fg. 14) be a 8 point, 
and B CD E an opaque body. Draw the extreme 
rays AB M, A D N, touching the opaque body. 
It is evident, that no ray of light proceeding from 
A, can penetrate into the ſpace M BE DN; and, 
in whatever point, within that ſpace, the eye may 
be placed, at O, for example, it will not ſee the _ 
luminous body. This ſpace Is the ſhade of the 


opaque 
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opaque body, and we ſee that it is continually in- 


creaſing, and may extend to infinity. But if the 


body from which the rays proceed, be itſelf of 


great magnitude, the determination of the ſhade is 
ſomewhat different. There are three caſes which 
demand conſideration; the firſt i is, when the lumi- 
nous body is leſs than the opaque; the ſecond, 
when they are equal; and the third, when the lu- 
minous body i 15 the greater. The firſt caſe | is that 
which we have now been conſidering, i in which the 


: light i is ſmaller than the opaque body. 


The ſecond is repreſented, (plate I. fig. 15: 5 in 
which the luminous body A is of the ſame magni- 5 
tude with the opaque body B CE D. If you draw 
the extreme rays A B M, A EN, the ſpace 
M B E. N will be ſhaded, and through the whole bo 
of that ſpace, i it will be impoſſible to ſee the lumi- 
nous body. You ſee, likewiſe, that the lines B M 
and E N are parallel, and that the ſhade extends 5 


to infinity, always preſerving the ſame breadth. 


he third caſe is exhibited (late l. fe. 16.) | in 
which the luminous body AA is greater than the 
opaque body B CE D. The extreme rays, touch- 

0 ing the opaque body 1 in Band E, if produced, will 


meet in the point O, and the ſpace of the ſhade 


B O E becomes finite, and terminates in O. The 
ſhade, 1 in this caſe, is termed conical. It is only 
Into > this ſpace that the light has no admiſſion, A 


M4 5 1 
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in which it is impoſſible to ſee the luminous body. 
To this third cafe belong the ſhades of the celeſtial 
bodies, which are much ſmaller than the luminous 
body which enlightens them, namely, the ſun. 
We haye here, then, another diſplay of the Cre- 
ator's wiſdom. For, if the ſun were ſmaller than 
the planets, their ſhades would not be terminated, 


TE: but extend to infinity, which would depriye 1 im- 


menſe ſpaces of the benefit of the ſun's light. But 
: the magnitude of that luminary, ſur paſſing, by ſo 
many times, that of the planets, their ſhades are 
cContracted to very narrow bounds, from which 
: alone the light of the ſun i  excinded. 
It is thus that the earth and the moon project | 


8 their conical ſhades ; ; and the moon may occaſion- 55 


ally plunge into the ſhade of the earth, either par- 


tially or totally. When this takes place, we ſay 
the moon is eclipſed, either wholly, or in part. In 


the former caſe, we call it a total eclipſe of te 


moon; in the other, a partial eclipſe. The moon, 
likewiſe, projects her ſhade, but it is ſmaller 
than that of the earth. It may happen, how- 


ever, that the ſhade of the moon ſhould extend 


as far as to the earth ; and, then, thoſe who are 
involved in that ſhade, undergo an eclipſe of the 
ſun. An eclipſe of the ſun, then, takes place, 
when the moon, interpoſing, prevents. our ſeeing 


the ſun | vholly, or in part. We ſee not the ſun. 


by 
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by night, though there be no eclipſe ; but we are 
then in the ſhade of the earth, which cauſes our 
greateſt obſcurity. 
Hitherto, we have conſidered only the caſes, in 
which the rays of light are tranſmitted in ſtraight 
lines, which is the profeſſed object of optics. But 
it has been already remarked, that the rays of light 
are ſomtimes reflected, and ſometimes broken, or 
refracted. You will recolle&, that when the rays 
fall on a well-poliſhed ſurface, ſuch as a mirror, 
| they are reflected from that ſurface; and when 
they paſs from one tranſparent medium to another, 
they undergo refraction, and are, in ſome ſenſe, 
broken Hence ariſe two other ſciences. That 
which conſiders viſion in reference to reflected rays, | 
is called catoptrics; and that which has for its ob- 
ject viſion, in reference to broken, or refracted 
rays, is termed dioptrics. Optics treat of viſion 
relatively to direct rays of light. I ſhall preſent 
| you with a ſummary of theſe two ſciences, catop- 
trics and dioptrics, as they diſcloſe phenomena, 
which are every day preſenting themſelves, and of 
which it is of importance to inveſtigate the cauſes and 
the properties. Every thing relating to the ſubje& 5 
of viſion, is, beyond contradiction, an object highly 


worthy of exciting curioſity, and of engaging at | 
tention, 


5 5th Augu/}, 1700, 
LETTER 
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LETTER n. 


; Of Catoprics, JET the Refieion of Rays „ Plain 


Mirrors. 


NATOPTRICS treat of viſion, relatively to re- 
flected rays. When rays of light fall on a 
well poliſhed ſurface, they are reflected, in ſuch a 
manner, that the angles, on all ſides, are equal 
among themſelves. Ro 
To ſet this in a clear liebt let A B (plate J. 
fig. 17.) be the ſurface of a common mirror, and 
P a luminous point, whoſe rays P Q, PM, P n, 
fall upon the mirror. Of all theſe rays, let P 5 
be that which falls perpendieularly on the mirror, 
and which has this particular and remarkable pro- 
perty, that it is reflected upon itſelf in the direc- 
tion of QP; juſt as on a billiard table, when the 
ball is ſtruck perpendicularly againſt t the ledge, it 
18 repelled | in the felf-ſame direction. But every 
other ray, as P M, IS reflected in the line M N, 
in ſuch a manner, as to make the angle A MN 
equal to the angle BMP; in which it is to be re- 
marked, that the ray PM, is named the incident 
ray, and M N the reflected ray. In like manner, 
to the incident ray P , will correſpond the re- 
flefted ray unn; and, conſequently, becauſe of the = 
1 reflection, 
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reflection, the ray PM is continued in the direc- 
tion of the line MN, and the ray P, in the di- 
rection of nu, ſo that we have the angle A MN, 
equal to B M P, and the angle A mn, equal to the 
angle B n P. This property is thus enounced : 
The angle of refedtion is always equal to the angle f 
incidence. 


I have already taken notice of this Ariking pro- 
perty; but my deſign, at preſent, is to ſnew, what 
the phenomena in viſion are which reſult from it. 
Firſt, it is evident, that an eye, placed at N, will 
receive from the luminous point P. the reflected 
ray M N; thus the ray which excites in that eye, 
the ſenſation of the body from whence i it proceed- = 
ed, comes in the direction MN, juſt as if the 
object P were in ſome point of that line; bence ie 
follows, that the eye muſt ſee the object P 1 in che 


: direction N M. 


In order the more 0 to elucidate this fact, 
ue muſt have recourſe to geometry; and you will 
recollect with pleaſure, the propoſitions on which 


the following reaſoning 1 Is founded. Let the per- 


5 pendicular ray P Q, be produced on the other ſide I 
the mirror to R, lo that QR ſhall be equal bo.” 
PQ I will ſhew you, that all the reflected rays, | 


MN, and n u being produced behind the mirror, 


muſt meet in that point. For, taking the two tri- 
angles PQM and R QM, they have, firſt, the 
fide MQ common to both; then the fide QR 


was 
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was made equal to the fide PQ; and, finally, the 
angle PQ M being a right angle, it's adjacent 
angle R Q M muſt, likewiſe, be a right angle“. 
| Therefore, theſe two triangles, having each an equal 
angle, contained by two equal fides, ſhall be every 
way equal +, and, conſequently, the angle PMQ_ 

- equal to the angle R M Q. But the angle AM N, 
and the angle RMQ, being vertical, are equal 
to each other , , therefore, alſo, the angle A MN, 
mall be equal to the angle PM Q; that is, the 
angle of reflection thall be equal. to the angle of 

incidence. 

In the ſame manner it is demonſtrated, that the 8 
reflected ray mn being produced, would, likewiſe, 

paſs through the Point R, and, conſequently, pro- 

5 duce, in the eye, the ſame effect, as if the object 
eee actually placed behind the mirror at R, 
this point being in the perpendicular P QR, at 
the ſame diſtance as P from the ſurface of the 
mirror, but on different ſides. This will enable 
you to comprehend clearly, why mirrors repreſent 
objects as if they were behind them; and why we 
judge, that theſe objects are placed as far behind = 
oy we ſurface of the mirror as they really are before 85 
It is thus the mirror tranſports objects into 
— e place, without changing their appearance. — 


. Euclids e book I. Prom. I 3. Do 
+ Euclid, book I. Prop. 4 f Euclid, book I. Prop. 15. 
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To diſtinguiſh in the mirror that apparent object 
from the real, we name the apparent object the 
image, and we ſay, that the images repreſented by 
reflected rays, are behind the mirror. This de- 


' nomination ſerves to diſtinguiſh real objects from 
the images of them repreſented 1 in mirrors; and 


the ! images which we ſee in mirrors are perfectiy 


| equal and fimilar to the objecls, with this excep- 


5 tion, that what in the object is on the left, appears 


in the 1 image on the right, and reciprocally. Thus ; 
2 perſon, wearing his ſword on the left ſide, ap- 


5 pears with it, in the mirror, on his right. 


From what has been ſaid, it is always eaſy to 
ſettle the 1 image of 1 75 GO whatever bebind the 


” micror.. . 


For A B plate II. . 43) being a mirror, ad 
E F an object, ſay an arrow: draw from the > 
points Eand F, the perpendiculars E G and FH, 
to the ſurface of the mirror, and produce theſe to 
e and 55 ſo that E G ſhall be equal to e G, and 
F A to 7H. 15 will be the i image ſought, which 
will be equal to the object E F, becauſe the qua- 

_ drilateral figure G ef Hi is, in all reſpects, equal to 
the quadrilateral figure G E F H. It muſt be ſtill | 
farther remarked, that were you even to cut off 
from the mirror a part, as C ; 3 and A 8 was the 
mirror, the image, e f, would not be changed. 


And, conſequently, when the mirror is not ſuffi- 


E ciently large, to admit the falling of the perpen- 
diculars 
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diculars E G and F H upon it, we muſt ſuppoſe 
the plane of the mirror to be extended, as we pro- 
duce lines in geometry, when we want to let fall 
perpendiculars upon them. What I have ſaid re. 
ſpects only common mirrors, whoſe ſurface is per. 
fectly plain. Convex and concave mirrors pro- 1 

duce different effects. 


705 Aug. 1760. 


LETTER XXXVIIL 


Refleftion of Rays, from convex and concave Mr ros . 
| Burning Mirrors. 


VERY thing, relating to the reflection af 
Kd rays, is reduced, as you have ſeen, to two 
things ; the one of which 1 is the place of the! image 
which the reflected rays repreſent; and the other, 

„ relation of the image to the object. In or- 
dinary, or plain mirrors, the image of the object 

Mn behind the mirror, at * diſtance equal to that 
| of the object before the mirror, and it is equal and 


| ſimilar to the object. To both of theſe circum- 0 
ſtances we muſt attend, when the mirror is not 


plain; but when it's ſurface | is convex or concave ; 
for in either caſe, the image is, for the moſt part, 


ſtrangely an You muſt frequently have 
' remarked : 
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remarked, that on preſenting any object before a 


ſpoon very highly poliſhed,. you ſee it's image 
greatly disfigured, whether reflected from it's in- 


terior ſurface, which is concave, or from it' 8 ex- 
terior, which is convex. 


A globe of ſilver, finely poliſhed, repreſents ob- 


jects with ſuffibicnt accuracy, but in miniature. 5 


If the interior ſurface of the globe is well poliſhed, 
objects appear upon it magnified; provided al- 


ways that they are not too diſtant. For the ſame 


objects may, likewiſe, appear fmaller and inverted, 


it they are removed far from the mirror. There is 

no occaſion to take a whole globe; any part of it's . 
ſurface whatever produces the ſame effe&. Theſe Pn 
mirrorsaredenominated ſpherical; and chere are two 


: ſorts of them. The one is convex, and the other con- 


5 cave, according as they are taken on the exterior, or 
interior ſurface of the ſphere. They are compound- 


ed of various metals, ſuſceptible of a fine poliſh ; 


whereas plain mirrors are made of a a plate of glaſs, 
and covered on one ſide with a preparation of mer- 
cury, deſigned to ſtop the pailage of the rays, and 5 


to reflect them. I begin with convex mirrors. 


Let A CB {plate II. fo. 1.0 be a mirror, the 

| ſegment of a ſphere, whoſe centre is G. If you 
palwGace before this mirror an object E, at a great 
diſtance, it's image will appear behind the mirror, 
— the point D, the middle point of the radius of 


the ſphere C G, and the magnitude of this image 


will 
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will be to that of the object, in the relation of the 


lines CD and CE: it will, therefore, be, in this 


caſe, much ſmaller than the object, as the line 
C Dis, in effect, much ſmaller than the line C E. 
E the object E approaches to the mirror, ſo, like- 
wiſe, will it's image. This is all demonſtrable 
on geometrical principles, by ſuppoſing that iny 
incident ray whatever, ſay E M, is reflected i in the 
direction of MN, fo that the angle B MN, may 
de equal to the angle CME. Thus, when the 
eye is at N, receiving the reflected ray MN, it 
will ſee the object E, according to that direction, 5 
— and will obſerve it in the mirror, at the Þoint 0D: 
or, in other words, D will be the image of the 
object placed at E, but ſmaller. It 15. likewiſe, 
eaſy to ſee, that the ſmaller the ſphere ; is, of which 
ſtthe mirror is a ſegment, the more, likwiſe, is the . 
ä image diminiſhed, 


I proceed to concave mirrors, the uſe of which 15 


is very common, on many occaſions. Let AC B, 5 
(plate II. fo. 3 .) be a mirror, forming part of a 
| ſphere, whoſe centre is G, and G C a radius. Leto 
us ſuppoſe an object E, very diſtant from the 
mirror, it's image will appear before the mirror at 
--"D, he middle point of the radius CG: for any 
7 of light whatever, E M, from the object E, : 
falling on the ſurface of the mirror, at the point 
M., will be reflected thence, in ſuch a manner, as 


to 2 through the 5 D; and when the eye is 
EE placed 
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placed at N, it will ſee the object at D; but this 
image will be to the object in the ratio of C D to 
CE, and, conſequently, in this caſe, ſmaller than 
it. And, when you bring the object nearer to the 
mirror, the! image retires; the object being placed 
even at the centre G, the image is there likewiſe. 
If you bring the object ſtill forward, to D, the 
image will retirc infinitely beyond E. But if the 
; object be placed ſtill farther forward, between C 
and D, the image will fall behind the mirror, and 8 
appear greater than the objet. * 
When you look at yourſelf i in ſuch a mirror, at 
forne point between D and C, your face will ap- 
pear frightfully large. This is explained by the 
nature of reflection, in virtue of which, the angle of 
incidence, E M * is always equal to the angle of 
reflection, CMN. To this ſpecies muſt be re- 
ferred burning mirrors, and every concave mirror 
may be employed to burn. This remarkable pro- 
perty merits a more particular explanation. 
Leet ABC (plate II. fg. 4) be a concave mirror, 
whoſe centre is G, and inſtead of the object, let 
the ſun be at E; his reflected rays will repreſent | 
the image of the ſun at D, the middle point be- 
tween Cand G. Now, the magnitude of this image 
will be determined by the extreme rays S C, SC. 
This image of the ſun will be, accordingly, very 
ſmall, and as all the rays of the ſun, which fall on 
the mirror ACB, are reflected 1 in this image, they 
Vor. I. . N TT will 
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will be collected there, 4d will hive ſo much 
more force, as the image D is ſmaller than the 
turface of the mirror. But, the rays of the ſun 
are endowed with the property of heating the bo- 
dies on which they fall, as well as that of illu- 
minating them; hence it follows, that there muſt be 
at D a great degree of heat; and when the mirror 
is ſufficiently large, this heat may become ſtronger 
than the moſt ardent fire. In fact, by means of 
ſuch a mirror, you may burn, in an inſtant, any 
com buſtible body, and even melt metals of every 
kind. It is the image of the ſun alone which 
produces theſe ſurprizing effects. This i image is 


uſually denominated the focus of the mirror; it 


falls always in the middle point of the radius C G; 
between the mirror and it's centre G. 


| You muſt carefully diſtinguiſh burning mirrors . 


from burning glaſſes, of which 1 ſhall give ſome | 
account in my next letter, Y 


9 Arg. 1769 


LETTER 


. 
* ** 
2 
1 
— — 
G 7 « . 
— - — — . 
3 33 2 * 2 . 
= = « - »0 o * 
. — — : . — , 
— „33 * To * — 
4 # : at - 
= a 
- - A * = 
* -— 
” / 
* 


.. * 2 - HY SERIES 7 4 
ee ee eos 
— — — — — 

— Bu 


A GERMAN PRINCESS, © 179 


_ T_T OT Tn £ Po oy = * I 
* * — — — — « _—_ ___ - ,- 
6 2 * — — — 5 — 
- == i » 4 2 3 * = 
* = 


-s- 4. < - 2 


— 1 ys 
— —— —— — — y 
— - — — — 8 
— . 11 
— as - J 0 


© X: - ET 
< J « 


LETTER XXXIX. 


E bunu. 


TAVING explained the principal phenomena 
1 of catoptrics, which reſult from the reffec- 
tion of the rays of light; I proceed to treat of 
dioptrics, whoſe object 1 is to unfold the phenomena | 
of the refraction of rays, which takes place when 
they paſs through different tr anſparent mediums. A 
ray of light does not purſue the ſame ſtraight line, 
unleſs it continues its progreſs through the ſame 
medium. As ſoon as it enters another tranſparent 
medium, it changes its direction more or leſs, ac- 
cording as it falls upon it, more or leſs obliquely. 
| There is only one caſe in which it purſues a recti- 
linear courſe, namely, when it enters the other me- 
dium perpendicularly. 1 — 
The inſtruments principally to be confiderad in 
dioptrics, are the glaſſes employed in the conſtruc- 
tion of teleſcopes and microſcopes. Theſe glaſſes 
are of a circular form, but with two faces. Every 
thing relating to them is reducible to the figure of 
theſe two faces, which may be plain, or convex, 
or concave. Their convexity, or concavity, is al- 
ways equal to that of a ſphere, of which the radius 
muſt be known, it being conſidered as the meaſure 
N 2 2556 
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of the curve of thoſe ſurfaces. This being laid 
down, we ſhall have ſeveral kinds of dioptric 
glaſſes. 
be firſt ſpecies, No. I. (plate II. fe. 3 is that 
vwhoſe two faces are plain. By cutting a circular piece 
out of a plate of glaſs, of equal thickneſs, we ſhall 

have one of this ſpecies, which makes no change 


+ objects, either as to magnitude or diſtance. 


Glaſs No. II. has one of its ſurfaces plain, and the 
other convex; and ſuch are termed plano-convex. 
The third ſpecies, No. III. has one face plain, and 
the other concave, and theſe are called plano-con- 
cave. The fourth, No. IV. has two convex ſui- 


5 faces, and i 15 called double-convex. No V. has 1 


concave ſurfaces, and! is called donble-concave. The 


ſpecies Nos. VI. and VII. have one ſurface con- 


Vex, and the other concave; and we give them the 


name of nen: iſcus. All theſe lenſes are reducible to 
two. claſſes ; ; the one containing thoſe 1 in which 
convexity prevails, as Nos. II. IV. VI.; in the 
---other,. concavity is predominant, namely, Nos. 
- III. : 8 VB. The former claſs is ſimply denomt- 
nated convex, and the latter concave. Theſe two 
claſſes are diſtinguiſhed by the following property. 
2”: A B (plate II. fig. 6.) be a convex glaſs, ex- 


"= poſed to a very diftant object, E F, whoſe rays : 


GA,G C, GB, fall on the glaſs, and, paſſing 


= through it, undergo a refraction, which will take 


: place 1 in ſuch a manner, chat the rays proceeding 
from 
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from the point G ſhall meet on the other fide of the 
glaſs, in the point g. The ſame thing wil! happen 
to the rays which proceed from every point of the 
object. By this alteration, all the reftacted rays 
Al, Bm, C u, will purſue the ſame direction, as 
if the object were at e, g, f, and inverted; and it 
will appear as many times ſmaller as the diſtance 
C ſhall be contained i in the diſtance CG. We 
ſay, then, that ſuch a glaſs repreſents the object 
E F behind it at e % and this repreſentation 18 
called the image, which is, conſequently, inverted, 
and i is, with the object itſelf, in the ratio of the 
diſtances of the glaſs from the 1 image, and of the 


5 glaſs from the object. 


It is clear, then, that if the ſun were the object, fn 
: the i image repreſented at e. if would be that of the 
ſan ; ; though very ſmall, it will be lo brilliant, as 
to dazzle the eye, for all the rays which pals 
through the glaſs meet in this i image, and there ex- 
| erciſe their double power of giving light and heat. 
The heat there is nearly as many times greater, as the 
ſurface of the glaſs exceeds 1 in magnitude che image 
of the ſan, named its focus, from which, if the 
glaſs be very great, you may produce the greuteſt 
effects of heat. Combuſtible ſubſtances, placed i in 
the focus of ſuch a glaſs, are 1nſtantly conſumed. 
Metals are melted, and even vitrificd by it; and 
other effects are produced, far beyond the reach of 225 


= the moit active and intenſe fire. 


©, 
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The reaſon i 1s the ſame as in the cat of burning 
mirrors. In both, the rays of the ſun, diffuſed over 
the whole ſurface of the mirror, or glaſs, are col- 
lected in the ſmall ſpace of the ſun's image. The 

only difference is, that in mirrors the rays are col- 
lected by reflection, and in glaſſes by refraction. 
Such is the effect of convex glaſſes, which are 
thicker i in the middle than at the extremities, and 
which I have repreſented | in Nos. II. IV. and VIE. 
Thoſe repreſented in Nos. III. v. and VII, are thicker 
at the extremities than at the middle, and being | 
all comprehended under the term concave, pro- 
duce a contrary eſſect 
Let A CB (plate II. fg. 7) be a "eb 51 this 
form. IH you expoſe to it, at a great diſtance, the 
; object E G F, the rays G A, G C, G B, proceed- 


: ing from the point G, will undergo. a refraction, 
e leaving the glaſs, in the direction of AC M, 
"oe B u, as if they had iſſued from the point g; 

and an eye placed behind the glaſs, at m, for ex- 

1 ample, will ſee the object juſt as if it were placed 

ave g 75 and! in a ſituation ſimilar to that 1 in which e 
it is at che point G, but as many times ſmaller 48 


the diſtance C G exceeds the diſtance 8 . Con- 
vex glaſſes, then, repreſent the image of a very diſ- 
tant object behind them; concave glaſſes repreſent 
it before them; the former repreſent it inverted, = 
and the latter in its real ſituation. In both, the 
image is as many times ſmaller, as the diſtance of 


the 
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the object from the glaſs exceeds that of the glaſs 


from the image. On this property of glaſſes is 


founded the conſtruction of teleſcopes, ſpectacles, 
and microſcopes. 


11h Aug guſt, 1760. 
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Continuation. of burning Glaſe and their Fo cus. 


rical figure. = 


I hey have, firſt, this open rhe being ex- 
poſed to the ſun, they preſent behind them a to- 
cus, which is the image of that lumin ry, and 

which is endowed, like it, with the property of 


illuminating and burning. The reaſon 1 15, that all 
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a ONVEX glaſſes furniſh ſome farther remark, 5 
2 which beg leave to lay before you. 244 peak 
| here of thoſe glaſſes, | in general, which are thicker 
in the middle than at the extremities; J whether 
both ſurfaces be convex, or one plane and the 
other convex; or, finally, one concave and the 
other convex, provided, however, that the con- 
vexrity exceed the concavity, or that the thicknels . 
be greater at the middle than at the extremities. 
It! is farther ſuppoſed, that the + ginſhs bare a (phe- 
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the rays iſſuing from the ſun, and falling on this 
ſurface, are collected by the refraction of the glaſs 
into a ſingle point. The fame thing happens, 
whatever be the object expoſed to ſuch a glaſs; it 
always preſents the image of it, which you ſee, in- 
ſtead of the object itſelf. The following figure 
will render what 1 have faid more intelligible. 
Let AB C D (plate II. tg. 8.) be a conver | 
glaſs, before which i 1s placed an object E G F, of 
which it will be ſufficient to conſider the three 
points E, G, F. The rays which, from the point 
, upon the glaſs, are contained in the ſpace 
A E B; and are all collected i in the ſpace A „ 
by refraction, ſo as to meet in the point e. In the 
ſame manner, the rays from the point G, which 
fall on the glaſs, and which fill the ſpace A G B, 
are comprehended, by means of refraction, in the 
1 ſpace Ag B, and meet in the point g. Finally, 
dhe rays from the point F, which fall on the glaſs : 
"= In ths angle AFB, are refracted, ſo as to meet in 
. the point : Thus we ſhall have the i image 9 
5 in an inverted poſition, behind the glaſs; and an 
NY. eye placed at Oo, behind this image, will be affected 
in the ſame manner, as if the object were at e g , 
5 inverted, and as many times ſmaller as the diſtance 
* ſmaller than the diſtance S 8. 
In order to determine the place of the image 
— ef = we muſt attend as well to the form of the 


= glaſs, as to the diſtance of the objeRt. As to the 
firſt, 
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firſt, it way be naked; that the more convex the 
glaſs 1 13, in other words, the more that the thick- 
neſs of the middle C D exceeds that of the extre- 
mities, the nearer the image will be to its ſurface. 


With regard to the diſtance, if you bring the object 


E F nearer to the glaſs, its image e / retires from 


it, and reci procally. The image cannot be nearer 
to the glaſs, than when the object is at a very great 

5 diſtance from it; it is then at the ſame diſtance as 

8 that of the ſun would be, which i 18 denominated the 
focus of the lens. When the object, then, is very 

diſtant, the f image falls i in the very focus, and the 

nearer you bring the object to the glaſs, the farther 
thei image retires from it, and that in conformity to 


a law in dioptrics, by means of which you can al- 


ways determine the place of the image, for every 
” diſtance of the object, provided you know the fo- 
T cus of the glaſs, that is, the diſtance at which it 
collects the rays of the ſun, in a ſpace ſufficiently 


ſmall, to ſet on fire a body ex poſed to It. 


The point where the rays meet is, as has been 
| aid, the place of the 1 image. Now, this point ia 
5 eaſily found by experience. The different denomi- 
nations of glaſſes are derived from it, as when we 
ſay, ſuch a glaſs has its focus at the diſtance of an 


— inch, another at the diſtance of a foot; another 
at the diſtance of ten feet, and ſo on; or, more 


conciſely, a glaſs of an inch, a foot, or ten feet - 
focus, 


_ 4 2 4 
2 „ 1 — n — - A 2 ů — "75 . N * . 
0 * 1 q * 4 * = * 7 — 
: —_— * 1 hat - l p * 5 mo — » 4 n ff n 1 
— $% Pt Woe 7 * — = * * — l = — — L * — 4 — 4 - - r 
— 1 » i — ; 5 0 — li 2 f A - * * = * 1 - % * 4 > — . Wm L 2 - - — —- - . ” " 2 
n Gs + oe IE 2 * — 4 — Z — — =: a | * ' >: N 
be _w A ; g 5 
2 . * * — 
* 2 - — * = * Ron iy * * 
— * 2 ; p — — —— . — — - 2 1 * * Fax — * 4 > *. 4 — E —* — — 1 . 1 * k ? N a * ; > It's _" — _ | _ b . — = 8 2 . We =" \ 
> *" 8 r 822 22 1 2 — 2 2 ah 4 8 — . 5 : * e po nie = Nap — — + wh : 4.4. w I 
4 D — p N — 4 # 2 * 1 — N — 5 IW| =, P * N 4 . 2 oo * 4 x Pn. — 2 N C . - _ = 
a þ l . an wa ** K 4 - * - 2 . 0 - l Wh LS 4 =, — . — 7 » $2 4 Foo, \ \ * 7 N a 8 8 — - 
. ˙ A — bs —_— - 7 . * 2 n 1 £ OT 8 2 , Do -- 5 | — 2 po — + a „* i ad f h, KL | : Sew _ l 
oa o _ 4 a 4 ' — * — — — > 9 
32 Woe » 4 - - — -- — + PRES * >, © <= #62) eo Bb ante \ N 2 „ — * x * 89 EE 2 — n — 8 — Wi. — 9 wy —— — a * — 


RY 


—— — of . o m — * - 0 
= — — — — - — o 
7 —— — ——̃ — — 
— — — 4 * 


4 


K 4 


186 LETTERS TO 


focus. Long teleſcopes require glaſſes of a very 
diſtant focus, and it is extremely difficult to make 
them exact. I once paid 1 50 crowns for one lens, 
which I ſent to the academy of Peterſburgh ; it 
had its focus at the diſtance of 600 feet: I am 
convinced | it was of no great value ; ; but they would 
have 1 it on account of its rarity. 
To be fatisfied that the repreſentation of the 


image eg , in the preceding figure, is real, you 
have only to hold at that place, a piece of white 
paper, the particles of which are ſuiceptible of the 
different kinds of vibrations, on which colours de- 
= pend. Then all the rays from the point E of the 
object, on meeting at the point e, will put the par- | 
| ticles of the paper into a movement of vibration 
ſimilar to chat which the point E. has, and conſe- 
quently you will ſee the point e of the ſame colour . 
as the point E. In lke manner, the points g and 
1 will have the ſame colours as che points G and F 
of the object; and you will likewiſe ſee, on the 
N paper, all the points of the object expreſſed in 
their natural colours ; 3 * hich will repreſent the moſt 
5 exact and the moſt beautiful picture of the object. , 
This will ſucceed perfectly well in a dark room, by 


applying a convex lens to a hole made i in che ſhut- 
ter. You will then ſee on a ſheet of white paper, 


| placed oppoſite to the aperture in the ſhutter, all 
g the external objects ſo exactly painted, that you 


may 
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may trace them with a pencil. Painters make uſe 
of ſuch a machine for — landſcapes, and 
other views * . 
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07 7 ifi on, and the Strufture of the He. 


AM now enabled to explain the phenomena 

: of viſion, which 18, undoubtedly, one of the 

greateſt operations of nature that the human 

mind can contemplate. Though we are very far 
ſhort of a perfect knowledge of the ſabje&, the 

| little we do know of it is more than ſufficient to | 
convince us of the power : and wiſdom of the Crea- 

tor. We diſcover ; in the ſtructure of the eye, per- 


-- 


WE. . The hypockelis of light, contained | in the priceding letters, 
vas firſt propoſed i in the middle of laſt century by the ingenious = 
Mr. Huggens ; but after the brilliant diſcoveries of Sir Iſaac 
Newton, it fell into oblivion, where it ought ever to have re- 
mained. What induced Mr. Euler to revive it, it is difficult to 
conceive. This hypotheſis | is not likely to have many abettors 
in toe preſent age. As it appeals wholly to the imagination, it 
requi es not any formal refutation. I fhall mention a ſingle ob- 
jection, which ſeems to be concluſive: If ether were the vehicle 


of light. as air and water are of ſound, the ear would likewiſe 
be, in ſome degree, an organ of viſion, 


fections 
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fections which the moſt exalted genius could never 
have imagined. | 
I ſhall not detain you, at preſent, with an ana- 
tomical deſcription of the eye. It is ſufficient to 
remark, that the exterior membrane a A ( plate 
II. fo. 9) is tranſparent, and is called the cornea of 
the eye; behind this, on the infide, is another mem 
| brane a m, b m, circular and coloured, which we 
call the iris, in the midle of which is an aperture 
mm, called the pupil, which appears to us to be 
black. We find behind this aperture, the cry/tal- 
line humour 5 B Ca, which is a body ſomewhat 
like, in form, to a ſmall burning glafs; ; it is per- 
1 5 fectly tranſparent, and of a membranous ſubſtance. 
Behind the cryſtalline humour, the cavity of the 
eye is filled with a tranſparent jelly, called the 
vitreous humour. The anterior ſpace between the 
horny tunicle 4 A b, and the cryſtalli ne ab con- 
tains a liquor fluid as water, which, for chat reaſon, 
is called the aqueous — oo = 
Here, then, are four tranſparent ſubſtances, 
through which the rays of light, that enter into the 
eye, muſt. paſs: ts the horny tunicle, or cornea 8 
2. the aqueous bumour, between A and B; g. the 
cryſtalline bBC a; 4. thevitreous humour. Theſe 
four ſubſtances differ as to denſity; and the rays 
Y paſſing from one to another, undergo a particular 
refraction; and they are ſo arranged, that the rays 


coming from a point of any object, are ſtill collect- 
ed, 
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| ed, within the eye, in a point, and there preſent 
my 8 
The bottom of the eye at E G F, or the retina, 


is furniſhed with a whitiſh tiſſue, adapted to the re- 
ception of images; and it is thus, you will pleaſe 
to recollect, that the 1 images of objects may be re- 
preſented on a white ground. Conformably to the 
ſame principle, all the objects, whoſe rays enter 7 


into the eye, are found painted on the retina. 


Take the eye of an ox, and having removed the 
exterior parts which cover the retina, you will ſee 
all the objects painted there ſo exactly, that no ar- 
tiſt could exceed it, or even arrive at ſuch a degree 5 
of perfection. And, in order to ſee any object 
whatever, the object muſt always be painted on 
the retina; and when, unfortunately, any of the 
parts of the eye are injured, or loſe their tranſpa- : 


rency, the perſon becomes blind. 


But it is not ſufficient, | in oder” to our ſeeing 
objects, that their 1 images ſhould be painted on the 


5 retina; ſome are blind, though this takes place. 


Hence we ſee, that i images painted on the retina 
are not, after all, the immediate object of viſion, 
and that the perception of the ſoul is communi- 
cated ſome other way. The retina is a reticulated 
contexture of nerves the moſt ſubtile, communi- 
cating with a great nerve, which, coming from the 
brain, enters the eye at O, and is denominated the 


optic nerve. T heſe ſmall nerves of the retina are 
agitated, 


n -A ELF ; * 2-1 
n 3 . 0 Sf 5 . as 
* "FT 3 83 * Sins -- i — i | 


— — — — — 
„ 


2 


* r * * 
- - i < a He MO 4 a 3 2 — , * „ hs * . 
Bo ˙¹ ? 1 - 6 AS. Su 2 — ts; , * 
N » = * a 1 ” 


k „ 1 
„ 


— 8 4 E22 | 


4, — * — =» 4 * — — + FE — — OE — — — ” — 2 — n + . 4 * ; * 2 1 * 
* 6 ARS + 44 4A J * i 2 * pu 1 „ . oh 0 ** 1 2 . 6 Wo — 3 n 8 — a4 2 p _ ” 
* ＋ k 7 =P b "> ES : | 5 — 1 74 % : _ 5 E an. We : $7 * 5 * * 1 : | ap + - a 2 " ; * 
1 £292 _—_ l IS * F - a vr - * R r 6. Aa E then ee oi 8-5... ES 
a — 23 — . He = : * n 8 * » 3 * . 0 6 — 7 | by rg — — — G 2 » - > ri = _ — * 
2 a 4 e * e . | s — , . : „ „ * 3 — 922 2 * * av 6 ot : . —— --: " — _— 4 
* 4 3 P " Ty N * 8 18. 4 0 8 5 — by 5 - WIT -* a —_ wah L h 2 8 4 9 2 5 7 fa 
; . — * 4 7 , 4 : | . | * y ' 79 1 6. 4 m SY EI * Pay, wr a. "Me q — 5 * 1 — * , 1 — A 
p — * _ . « 0 . Pc , a | ? * * 5 5 „r 0 
Rae, "Us 1 ©. us Sas a * 2 , 88 "op = r . the: «i = | 3 a ** n 2 . | w 14-4 E WE q -& 4 "+08 2 2 p -» P'S , l 1 
" J N 4 4 * : at 3 wat DS p * * © * 1 » 9 p . > N 8 N _ " b * 3 3 + b b , P - UW 8 > P 2 — "a 
E ac 0 0 *. 2 * «I * . y Y F » - a : „ , K a, - 4 Ut 4 _—_ ** 39 4 - : A 4 " 3 w_ res l * 4 nw. 0 - 
E 1 : i . 4 , a „ * n 1 PE : " 5 FX * 0 . r- AP 2 7 7 2 wy - 4 bo T * » » 4 \ "SY * 2 5 g 2 "I . 
— s - aA », WL F g wy we * 1 . 4 . „„ ns 1 _ UE ak ——_— 3 0 5 2 „ " LO ORs ———ͤͤͤ el , 
5 * 4 4 * p * 5 v7 h b i: 6. 0 l 2 5 1 0 3 "" . 22 N. + * 85 I 1 "a SL 4 3 1 1 4 oY 2 , — 2 5 
, f f 1 \ \ ; 1 _ - . nn I 8 a>. , : : * 
: 1 I N . 8 NN OI » 46... - 4. "6 Sy 1 ww \ - 7 J Ot; \ 
br * 3 - : \ l , 15 ad l — ; ES] p I ; SG 8 1 | —_ k \ | N 5 0 - 
ap = „ _— „ FRE : g "oo 2 . MY 4 7 £ 6 1 Po % A = _ 4 2 * e Mi 


Sg f is r 1 
— PR 8 
2 . YT a * a . 4 AY 2 A — l A 
EE. NR i ate aa. 
\ = a - \ ado 41 — Rn - —_ 


£3 . 1 9 
„ „ „ 0 „ „„ 0 
r * = ** - R l : l 
\ b * £ * 41 "5 . 1 


= CTY 


188 LETTERS TO 


| fections which the moſt exalted genius could never 
have imagined. 


I ſhall not detain you, at preſent, with an ana- 


tomical deſcription of the eye. It is ſufficient to 
remark, that the exterior membrane a A2 ( plate 2 
11. fig. 9) is tranſparent, and is called the cornea of 


the eye; behind this, on the inſide, i is another mem- 


brane a m, b m, circular and coloured, which we 
call the iris, in the midle of which is an aperture 
m m, called the pupil, which appears to us to be 
black. We find bebind this aperture, the cry/al- 
line humour b B C 6; which 1s 4 body ſomewhat 
luke, in form, to a ſmall. burning glafs; it is per- 
fectly tranſparent, and of a membranous ſubſtance. 
Behind the cryſtalline humour, the cavity of the 
eye is filled with a tranſparent jelly, called the 
vitreous humour. The anterior ſpace between the 
horny tunicle a A b, and the cryſtalli ne a þ con- 
tains a liquor fluid as water, which, for that reaſon, 0 
is called the aqueous humour. 


Here, then, are four tranſparent ſubſtances, 


through which the rays of light, that enter into the 
eye, muſt. paſs : 1. the horny tunicle, or cornea; 
2. the aqueous bumour, between A and B; 3. the 
cryſtalline þ B Ca; 4. the vitreous humour. Theſe 
four ſubſtances differ as to denſity; and the rays 
| paſſing from one to another, undergo a particular 
refraction and they are ſo arranged, that the rays 


coming from a point of any object, are till colle&- 
e 1 1 
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ed, within the eye, in a point, and there preſent 
an image. 


The bottom of the eye at E 8 F. or the retina, a 


is furniſhed with a whitiſh tiſſue, adapted to the re- 


ception of images; and it is thus, you will pleaſe 


to recollect, that the images of objects may be re- 


preſented on a white ground. Conformably to the 


ſame principle, all the objects, whoſe rays enter 


into the eye, are found painted on the retina. 

Take the eye of an ox, and having removed the 
exterior parts which cover the retina, you will ſee 

all the objects painted there ſo exactly, that no ar- 
tiſt could exceed it, or even arrive at ſuch a degree 

ol perfection. And, in order to ſee any object 
whatever, the object muſt always be painted . 

rhe retina; and when, unfortunately, any of the 
parts of the eye are injured, or loſe their tranſpa- 


rency, the perſon becomes blind. 


Rut it is not ſufficient, in order to our ſeeing 
objects, that their i images ſhould be painted on the 
retina ; ſome are blind, though this takes place. 

Hence we ſee, that i images painted on the retina 
are not, after all, the immediate object of viſion, 
and that the perception of the ſoul is communi- 

cated ſome other way. The retina is a reticulated 

cContexture of nerves the moſt ſubtile, communi- 
cating with a great nerve, which, coming from the 
brain, enters the eye at O, and is denominated the 


optic nerve. Theſe ſmall nerves of the retina are 
_ agitated, 
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agitated by the rays of light which form the image 
at the bottom of the eye; and this agitation is 
tranſmitted by the optic nerve to the brain. It is 
there, undoubtedly, that mental perception is 
formed: but the moſt dextrous anatomiſt is un- 
able to purſue theſe nerves to their ſource: the 
union of the ſoul with the body muſt for ever re- 
main a myſtery. 


| 105 Aug. I a 


LETTER XIII. 


Continuation. = anders Fan in the Sik ucture 7 
of the es 


'T will not be eee to you, 1 hope, to 
contemplate with me, ſomewhat more atten- 
tiv h the wonders diſcoverable in the ſtructure of | 
the eye. 
And, firſt, the 8 preſents an N highly 
worthy of admiration. It is that aperture which 
we find in the middle of the iris or ſtar, by which 
the rays pals into the inſide of the eye, and which 
appears black, The larger it is, the greater quan- 


tity of rays can enter into the eye, to form on the 


retina the Lge which appears painted there; 
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thus, the more the pupil is opened, the more bril- 
liant this image will be. 


On carefully examining the human eye, we ob- 


ſerve, that the aperture of the pupil is ſometimes 
greater, and ſometimes ſmaller. It is generally re- 


marked, chat the pupil i is contracted when expoſed 
| to a very ſtrong light; and, on the contrary, very 


much dilated where the light i is faint. This varia- 
tion is abſolutely neceſſary to the perfection of vi- 


ſion. When we are in -. very ſtrong light, the 
rays being more powerful, 8. of them are wanted | 
to agitate the nerves of the retina; the pupil, ac- 
. cordingly, 1s then more contracted. Were i it more 
dilated, and conſequently admitted more Trays, 
their force would agitate the nerves too violently, : 
and occaſion pain. It is for this reaſon we are un- 
: able to look upon the ſun without being dazzled, ” 
: and without ſenſible pain in the bottom of the eye. 
Mere it poſſible for us to contract the pupil Alt --- 


more, ſo as to admit only a very ſmall quantity of 


rays, we ſhould not be very greatly incommoded 
, by1 it; but the contraction of the pupil! is not in 
our own power. Eagles poſſeſs this advantage, 
and are able to look directly at the ſun; it is ac. 
cordingly remarked, that their pupil is then ſo 
much contracted, as to appear reduced to a point, 


3 clear light, requiring a very ſmall dilatation of the 


pupil, in proportion as the light decreaſes, the pu- 


pil dilates, and in the dark is fo enlarged, as al- 
moſt 
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To moſt to occupy the whole of the iris. If it re- 
mained in the ſame ſtate of contraction as in the 
light, the rays which enter into it would be too 
weak to agitate che nerves as much as is neceſſary 
to perception; the rays muſt, therefore, be then 
| admitted in greater abundance, in order to Pro- 
| N duce a ſenſible effect. 5 
| TT Were it in our power to open the pupil Rill 
more, we ſhould be able to ſee in a greater degree 
| of darkneſs. To this purpoſe, we are told of a ; 
1 perſon, who, having received a blow on his eye, 
the pupil was ſo dilated by it, that he could read, 
l and diſtinguiſh the minuteſt objects in the dark. 
. . and ſeveral other animals, which roam in che 
dark, have the faculty of enlarging the pupil, 
2-2. much more than the human ſpecies ; and owls 
wt theirs at all times too much dilated to bear 
= even a moderate degree of „ - 5 
„ when the pupil of the human eye dilates 
( Ts or contracts, it is not by an act of the will; man 
having the power of dilating or contracting 
the pupil at pleaſure. : As ſoon as he enters into a 
= luminous ſituation, i it ſpontaneouſly contracts, and f 
| 77 dilates on his return to darkneſs. But this change 
= is not produced in an inſtant; it requires a little 


time for this organ to accommodate itſelf to cir- 
eumſtances. 


— — — 
— — — —— 
— — > —— — —— — 


You muſt, no doubt, have remarked, that as 
often as you make a very ſudden tranſition from a 


clear 
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clear light to a dark place, as in the theatre of 


Schuck, you could not, at firſt, diſtinguiſh the com- 


pany. The pupil was ſtill too narrow to permit 


the few feeble rays which it admitted to make a 


ſenſible impreſſion; but it gradually dilated to re- 


ceive a ſufficiency of rays. The contrary happens, 


when you paſs ſuddenly from darkneſs to a clear 
light. The pupil being then very much expanded, 5 
the retina is ſtruck in a lively manner, you are 
quite dazzled, and under the neceſſity of ſhutting : 


7 


your eyes. 


It is, then, a very remarkable circumſtance, chat 5 
the pupil ſhould dilate and contract, according as 
viſion requires, and that this change ſhould take 
place almoſt ſpontaneouſly, and independently of 
any act of the will. Philoſophers, who examine 
- the ſtructure and the functions of the human body, 8 
ate greatly divided in opinion as to this ſubjedd, 
and there is little appearance that we ſhall ever have 
Aa ſatisfying ſolution of this wonderful phenome- 
non. The variability of the pupil 1 is, however, an 
object efſentially neceſſary to viſion ; and without 
which it would be very imperfect. But various 
other particulars are e diſcoverable, equally entitled to 


admiration. 
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LETTER XIII. 


Farther Continuation. Aſtoniſhing Difference between 
be De of an Animal, and 150 artificial He, or 
camera obſcura. 


E principle on \ which the ſtructure of the 
ee 1s founded, is, in general, the ſame a 
that, according to which I explained the repre- 
ſentation of objects on white paper, by! means of a | 
convex lens. Both of them muſt be reſolved i into 


© this, that all the rays, proceeding from one point 


of the object, are again collected in a ſingle point 
: by refraction; and it ſeems of little importance, 


whether this refraction 18 performed by a ſingle 


lens, or by the ſeveral tranſparent ſubſtances, of 
which the eye is compoſed. Tr might even be in- 
| ferred from thence, that a ſtructure, more ſimple 

than that of the eye, by employing one ſingle 
tranſparent ſubſlance, would have been productive 


i of the ſame advantages; which would amount to a 


5 very powerful objection againſt the wiſdom of the 


Creator, who has aſſuredly purſued the kmpleſt 
- road 1 in the formation of all his works. 


Perſons have not been wanting, who, from not 
having attentively examined the advantages reſalt- 
ing from the apparent complication, prefumed to 

cenſure 
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cenſure this beautiful production of the Supreme 
Being with a levity worthy of cenſure. They have 
pretended, 1t was 1n their power to produce a plan 
more ſimple for the ſtructure of the eye, becauſe 
- they were ignorant of all the functions which that 
organ had to diſcharge. I ſhall examine this plan 
of theirs; and I hope to convince you, that it 
would be highly defective, and altogether unwor- 
thy of being put in competition with that which 
actually exiſts. 
Buch an eye, therefore, would be el to a 
fi mple convex. lens, ABCD, (plate II. fe. 10.) | 
which collects, i ina point, all the rays coming from 
one and the ſame correſponding point in the ob- 
ject. But this is only near to the truth. The 
ſpherical form, given to the ſurfaces of a lens, is 
liable to this inconvenience, that it does not com- 
pletely collect! in one and the ſame point, the rays 
which paſs through it's centre, and thoſe which 
paſs through the extremities. 'There i is always " 
ſmall difference, though almoſt imperceptible, i in 
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the experiments, by means of which we receive 


the! image on a piece of white paper: but if this 
happened 1 in the eye ſelf, it would render viſion 
very confuſed. 
The perſons to whom 1 have been alluding, 
5 allege, that it may be poſſible to find another figure 
for the ſurfaces of the lens, which ſhall have the 
property of collecting anew, all the rays iſſuing 
S from 
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from the point O, in a point R, whether they Dafs 
through the centre, or through the extremities, 
I admit that this may be poſſible; but ſuppoſing 
the lens to poſſeſs this property, with reſpect to 
the point O, at the fixed diſtance C O, it would 
not poſſeſs it at points, at a greater, or leſs diſtance 
from the lens; or, even admitting this to be poſſi- 
ble, which i it is not, the lens would, moſt certainly, Ho. 
| loſe that property, with regard to objects placed 
on one ſide, at T, for inſtance. Accordingly we 
ſee, that when objects are repreſented on white 
TT paper, though ſuch as are directly before the lens, | 
ſay at O, may be ſufficiently well expreſſed, thoſe = 
which are obliquely ſituated, as at T, are always 3 
much disfigured, and very confuſedly expreſſed : 
aand this is a defect, which the moſt ingenious 
5 artiſt i 18 incapable of rectifying. 
But there is another, and one not leſs conſider- 
e ſpeaking of rays of different colours, I _ 
remarked, that in paſſing from one tranſparent 1 
medium to another, they undergo a different e 
fraction; that rays of a red colour undergo the 
leaſt refraction, and violet- coloured rays the great- 
| eſt, Hence, if the point O were red, and if it's 
rays, in paſſing through the lens, A B, were — 
lected at the point R, this would be the place of 
the red image. But if the point O were violet, 
the rays would be collected nearer to the lens, at 
V. Again, as white is an aſſemblage of all the 
5 
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ſimple colours, a white object, placed at O, would 
form ſeveral images at once, ſituated at different 
diſtances from the point O; the reſult of which 
would be, on the retina, a coloured ſpot, that 
would greatly diſturb the repreſentation. 
It is, accordingly, obſervable, that when in a 
dark room the external objects are repreſented on 
white paper, they appear bordered with the co- 
lours of the rainbow, and it is impoſſible to re- 
medy this defect, by employing only one tranſ- 
parent body. But it has been remarked, that this 
may be done by means of different tranſparent 5 
| ſubſtances ; but neither theory, nor practice, have 
hitherto been carried to the degree of perfection, 
neceſſary to the execution of a ſtructure which. 
ſhould remedy : all theſe defects“ The human eye, 
however, labours under none of the imperfections 0 
which 1 have mentioned, nor many others, t to 5 
which the hypothetical eye we have been analyzing, . 
would be liable. What a ſublime idea muſt we 
ä form of Him who has furniſhed, not only the whole 
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: * A n defect has been remarked i in the common teleſcope. 5 
3 Objects do not appear in it very clearly. You ſee, beſides, at the 
circumſerence of the field, which it encompaſſes, a mixture of 
colours, which i is called iris. 'To remedy this inconveniency, 
achromatic teleſcopes have been conſtructed, whoſe objeR-glaſs, 
being compoſed of more than one lens, of different denſities, and 
which, of conſequence, refract the rays differently, produce an 
effect analogous to that of the tranſparent ſubſtances of the eye, 
of which our Author has been treating. —F, E. 
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human ſpecies, but every animal, nay, even the 
vileſt inſects, with an organ of ſuch curious con- 
ſtruction“! 


*The object of the Tranſlator, being not only to diſplay 
Euler's philoſophy, but, likewiſe, to exhibit the man, as deſign. 
ed by his own pencil, he takes the liberty of preſenting the Eng. 
| liſh Reader with the concluſion of this letter, in the Author's own 


manner and words, tranſcribed from the original edition of this I 


work. Though a French philoſopher and ſtateſman, may feel 
aſhamed of the alliance of ſcience to religion, and endeavour 
to keep it out of ſight, it would ſurely ill become us to follow the 


example. Let the Author expreſs his own ſentiments, | in his LE 
don way. 


« But the eye which the Creator has formed, is ſubject to no 
« one of all the imperfections under which the | imaginary | 
« conſtruction of the freethinker labours. In this we diſcover 
the true reaſon, why infinite wiſdom has employed ſeveral 
« tranſparent ſubſtances i in the formation of the eye: it is there = 
4 by ſecured againſt all the defects which characterize every 
6 work of man. What a noble ſubject of contemplation ! 1 How ; 
pertinent that queſtion of the Pſalmiſt ! He who formed the He, 
% ſhall He not fee ? and He who planted the car, Hall He net bear? 
« The eye alone being a maſter- piece that far tranſcends the hu- 
« man underſtanding, what an exalted idea muſt we form of 
„Him, who has beſtowed this wonderful gift, and that i in the 


© higheſt perfection, not on man only, but on the brute crea- 
1 tion, nay, on the vileſt of inſects '”—E, E. 


1 9% Aug. 1760. 
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LETTER XIV. 


Per rfections di iſcoverable in the $ trufure of the Eye. 


of mechaniſm which human {kill is capable 
of produceing. The different tranſparent ſub- 
ſtances of which it is compoſed, have not only A 


degree of denſity capable of cauſing different re- 
fractions, but their figure it likewiſe determined 
in ſuch. a manner, that all the rays proceeding 
from one point of the object, are exactly collected 
| in one and the fame point, whether that object be ; 
more or leſs diſtant, whether! it be ſituated directly, 
. or obliquely, | with reſpect to the eye, and though 


it's rays undergo different refractions 


Were the leaſt change to be made | in the nature 
and figure of thele ſubſtances, the eye would loſe 


5 all the advantages which we have been admiriug. 


The ſtrength of our i igt is exactly opoyti. „ed 

to the extent of our neceſſities; ; and fur from ©! n- 
plaining, that objects too remote eſcape any ah 
we ought, on the contrary, to conſider ii S ne 


of the moſt precious gifts of the Supreme Being, : 


TT Mr. Euks Ha is ingenious, that the three pellucid fab 
fances of which the eye is compoſed, ſerve to correct the un- 
8 +. 3 8 opal - 


"HE eve, then, nhinkely ſurpaſſes every piece 
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It muſt be farther remarked, that, in order to 
ſee objects diſtinctly, it is not ſufficient that the 
rays, which come from one point, ſhould be col- 
lected in another. It is, likewiſe, neceſſary, that 
the point of reunion ſhould fall preciſely on the 
retina; if it fell either ſhort of, or beyond it, 
viſion would become confuſed. Now, , for n 
certain diſtance of objects, this point of 1 union fall 
upon the retina, thoſe of more diſtant objects, 
would fall in the eye, ſhort of the retina; and thoſe 
of nearer objects would fall beyond the „ 
either caſe, there would be a confuſion i in the i image | 
painted on the retina. ; 
Ihe eyes of every man, therefore, are conſtructed : 
for a certain diſtance. Some perſons ſee diſtinctly 
only ſuch objects as are very near to their eyes; 


equal refrangibility of the rays of light, and produce a perfect 
picture on the retina. Unfortunately, this perfection is merely : 
ideal, nor is the eye an achromatic inſtrument. A very ſimple 


experiment will evince the truth of this remark. Make two 
— parallel black ſtrokes, adjacent to each other, on a dit of paper; 


ſhut the one eye, and hold the paper about half a foot from 


the other, in a ſtrong light, and bring it gradually nearer; at a 


certain diſtance, the ſtrokes will appear fringed with rainbow- 


Colours. The Roman characters III or IIII, on the dial-plate 


of a watch, will anſwer ſtill better. But though the eye is not 
conſtrued with mathematical accuracy, that organ is adapted, 


with ſufficient nicety, for all the ordinary purpofes of life. They 


miſtake extremely the views of nature, who look for perfection 


in her works: ſhe is, in general, ſparing in her favours, and _ 


reſerves exquiſite {kill for extraordinary occaſions.—. E. KE. 
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we call them Myops, that! is, ſhort- fighted. Others, 


on the contrary, named Freſbytes, ſee diſtinctly 
objects only which are very diſtant. And thoſe who 


ſee diſtinctly objects, at a moderate diſtance, are ſaid 


to have good eyes. Both the other two, however, 


have the power of contracting or dilating the globe 
of the eye to a certain degree, and thereby of 
bringing nearer, or of removing, the retina, which 
enables them, likewiſe, to ſee clearly, objects a lit- 


tle more or leſs diſtant ; this, undoubtedly, great- 


y contributes to render the eye more perfect, and 


it cannot ſurely be aſcribed to chance merely. 


Thoſe who have good eyes, derive moſt advan- 
tage from their ſtructure, as they are thus in a 
condition to ſee diſtinctly, objects very diſtant, and a 
very near; but this never exceeds a certain bound. 
There is, perhaps, no one who can ſee at the diſ- 
| tance of an inch, and, conſequently, fill leſs at a 

ſmaller diſtance. If you hold a writing cloſe to 


your eyes, you will ſee the characters but very 


confuſedly. This is all I preſume to offer, on a 


fange of ſuch high ne, ; 
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- "ABTTER XEV; 
/ Gravity, conſidered as a general Property of Body. 
AVING now treated of light, I proceed to 
; the conſideration of a property con n, 
all bodies, that of gravity. We fine that alt bo- 


| dies, ſolid and fluid, fall downward, when they 
are not ſupported. F hold a ſtone | in my band ; if 


l let it go, it falls to the ground, and would fall 


ſtill farther, . were there an aperture in the earth. 
While I write, my paper would fall to the ground, ; 


7 were it not ſupported by the table. The ſame law ” 
applies to every body with which we are acquaint- 


ed. There! is not one that would not fall to the 
. ground, if it were not ſupported, or eee by 


the way. 


The cauſe of this phenomenon, or of this pro- „ 
penſity of all bodies, is denominated gravity, 
= When it is laid, that bodies are heavy, or poſſeſs e 

gravity, we mean, that they have a propentity to. 

7 fall downward, and actualy would fall, if we re- 
Tf move what before ſupported them. 


The ancients were little acquainted with this 


property. They believed that there were bodies 
which had, naturally, a tendency to riſe, ſuch as 


ſmoke and vapours; and ſuch bodies they termed 


light, to diſtinguiſh them from thoſe which have 


a tendency to fall, Bur 1 it has been diſcovered, by 


experiment 2 
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experiment, that it is the air which raiſes theſe 


ſubſtances aloft ; for in a ſpace void of air, it 1s 
well known, by means of the air- pump, that ſmoke 


and vapours deſcend as well as ſtone, and that 


theſe ſubſtances are, of their own nature, heavy, 
like others. When, therefore, they riſe into the 
air, the ſame law acts upon them, which acts upon 
a log of wood plunged i into the water. Notwith-⸗ 
ſtanding 1 it's gravity, it ſprings up, as ſoon as you h 
leave it to itſelf, and ſwims, becauſe it is not ſo 
heavy as water; and, in virtue of a general rule, 4 
all bodies riſe in a fluid of more any: than 


: themſelves. 


II you throw a piece of i iron, oke copper, of ſilver, 1 55 
and e even of lead, into a veſſel full of quickſilver, 

= they ſwim on the ſurface, and if you force them 
down, „they! re. aſcend when left to themſelves. Gold 
alone ſinks, becaule i it is heavier than quickfilver. 

| And, ſince there are bodies \ which riſe in water, 
and i in other fluids, notwithſtanding their gravity, 
for this reaſon merely, that they are not ſo heavy 

as water, or thoſe other fluids; it is not at all ſur- 

: prizing, that certain bodies, leſs weighty than air, 


ſuch as ſmoke and vapours, ſhould riſe in it. 


1 have alrcady remarked, that air itſelf volt 
5 gravity, and that by means of this gravity, it ſup- 


ports the mercury in the barometer. When, there- 


tore, it is affirmed, that all bodies are heavy, it is 


19 be underſtood, that all bodics, without a ſingle 
exception, 
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exception, would fall downward, in a vacuum. { 


might venture to add, that they would fall with an 
equal degree of rapidity ; for a feather and a piece 


of gold deſcend with equal velocity in an exhauſted 
receiver. 


It might be See to this goneral property of 


body, that a ſhell, diſcharged from a mortar, does 
not at once fall to the ground, like a ftone, which 
— 1 drop from my hand, but mounts into the air. 
It cannot, however, be inferred, that the ſhell has 
no gravity ; for it is evident, that the ſtrength of 
the powder hurls the bomb aloft, and but for this, 
2M would, without doubt, immediately fall to the 
ground. And we ſee, in fact, that it does not 
continue alw ays to aſcend, but as ſoon as the force, 5 
which carries it upward, 1 exhauſted, down it 
comes with a rapidity, that cruſhes « every thing = 
men a ſufficient Proof of it's gravity. : 


When, therefore, it is affirmed, that all bodies 


are heavy, | no one means to deny that they may 
be ſtopped, or hat they may be thrown aloft ; but 


this is effected by an external power, and it remains 
indubitably certain, that all bodies whatever, as 


ſcoon as left to themſelves, at reſt, or without mo- 
tion, will aſſuredly fall when no longer ſupported. 
There is a cellar under my apartment, but the 
floor ſupports me, and preſerves me from falling 
into it. Were the floor ſuddenly to crumble away, 

and the arch of the cellar to tumble in at the 


tame 
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ſme time, I muſt infallibly be precipitated into 
it, becauſe my body is heavy, like all other 
bodies with which we are acquainted. I ſay, with 
which we are acquainted, for there may, perhaps, 
be bodies deſtitute of weight ; ſuch as, poſſibly, 
light itſelf, the elementary fire, the electric fluid, 
or that of the magnet *. 
Except theſe bodies, the gravity of which 15 
not yet confirmed by experiment, gravity may be 
conſidered as a general property of all the bodies 
which we know, in virtue of which, they all have 
a tendency to fall downward, -and actually do ſo, 
when nothing 9 their deſcent. 


239 Aug. 1760. 
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* 1 muſt once more take the pious Euler out of the hands 
of the quondam Marquis, and let him ſpeak for himſelf. The 
inſtance which the Author adduces, of bodies that, poſſibly, are 
deſtitute of gravity, is one taken from Divine Revelation, that 
of the angels. Such,” ſays he, © as the bodies of angels, which 
„have formerly appeared to men. A body, like this, would 
c not fall downward, though the floor u ere ſuddenly to be re- 

moved from under it, but would move as firmly through the 
air, as on the earth. * It is amuſing to obſerve, with what 
ſolicitude the Pariſian Annotator keeps clear of every thing that 
favours of religion. He ſeems apprehenſive, that a ſingle drop 
of water from Scripture, would contaminate the whole maſs of 
philoſophy. His terror is, with a little variation, that of Macbeth. 
Will all great Neptune's ocean waſh this blood 
Clean from my hand ? No; this my hand will rather 
The multitudinous ſeas incarnadine, 
| Making the green one red.  SHAKESPEAR, 
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LETTER XLVI. 


n Continuation. 5 Of ſpecific Graviiy, 


OU have juſt ſeen, that gravity is a general 
property of all the bodies with which we 
are 4010 and that it conſiſts in the effect of 
. invincible force, which preſſes them doun- 


5 ward. 


Philoſophers 1228 warmly difputed, whether 
there actually exiſts a power, which acts! in an in- 
viſible manner upon bodies; or whether it be an 


5 internal quality, inherent in the very nature of the 
| bodies, and, like a natural inſtinct, conſtraining 


them to deſcend. The queſtion amounts to this: - 
bis the cauſe of gravity is to be found i in the very 


nature of every body; or if it exiſts without it, » 
that were this extrinſic power to fail in it's opera- 5 


b tion, the body would ceaſe to be heavy? Before = 


5 we attempt A ſolution of this, i it will be neceſſary to 


5 examine, more carefully, all the circumſtances con- | 
5 nected with gravity. 5 
F remark, firſt, that when you ſupport a 15 3 
to prevent 1ts falling, if 1 it reſts on a table, its preſ- 
ſure is equal to the force with which it would tend 


to fall ; and if a thread is affixed to it, by which it 


may be ſuſpended, the thread 18 ſtretched Lt: that 
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force ; in other words, by the gravity of that bo- 
dy; ſo that if the thread were not of a certain 
ſtrength, it would break. We ſee, then, that all 


bodies exerciſe a degree of force on the obſtacles 
which ſupport them, and prevent their falling, and 
that this action is preciſely the ſame as that which 
would make the body deſcend, if it were at liberty. 

When a ſtone is laid upon a table, the table is 
preſſed by it. Lou have but to put your hand be- 
tween the ſtone and the table, to be ſenſible of this 
force, which may be increaſed to ſuch a degree as 
1 even to cruſh the hand. This force 18 called the 5 
gravity of the body; and it is clear, that the 
weight, or the gravity, of every body, f ;gnifies the 

_ fame thing, both denoting the force with which 
that body 1 1s preſſed downward, whether this force 


exiſts in the body itſelf, or out of it. 


We have an idea too clear of the weight of bodies, ” 

to make it neceſſary to dwell longer on the ſubject. 
1 only remark, that when two bodies are Joined to- 
gether, their weight too is 2 added, ſo that the weight . 
of the compound is equal to che ſum of the weight 
of the parts. From this we ſee, that the weight of 
bodies may be very different. We have alſo the 
certain means of exactly meaſuring and comparing 
them, by the help of a balance, which has the pro- 


perty of reſting in equilibrium, when the bodies, 


put in its two ſcales, are of equal gravity. In order 


to make this compariſon, we agree on ſome fixed 
meaſure- 
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meaſurement, of a certain determinate weight, ſuch 
as a pound, and, by means of a good balance, all 
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bodies may be weighed, and their gravity aſcer- 


| tained, according to the number of pounds which 
they contain. A body too great to be put into the 
ſcale of a balance may be divided, and the parts 
being weighed ſeparately, you have only to add the 
wes particulars. The weight of a whole houſe, how- 
ever large, may be thus aſcertained. 


You muſt, no doubt, have frequently remarked, 5 


5 that a ſmall piece of gold weighs as much as a 
piece of wood greatly ſuperior i in ſize; a proof that 
the gravity of bodies is not always regulated by 
1-7 their magnitude; a very ſmall body may be of 

great weight, while : a very large one may be light. | 
Every body, then, is ſuſceptible of two meaſure- 

ments, entirely different from each other. The one 

. determines i it's magnitude or extent, called likewiſe 
Ws fize; this meaſurement belongs to the province 

: of geometry, which teaches the method of meaſur- 

ing the magnitude or extent of bodies. T he other 
mode of meaſurement, by which their weight is 
: determined, is totally different, and ſerves to di- 
Ys ftinguiſh the nature of the different {ubſtances of 

which bodies are formed. 
You can eaſily conceive ſeveral maſſes of diffe- 5 
rent ſubſtances, all of the ſame magnitude, or ex- 
tent; each, for example, of a cubic figure, whoſe 


geb, breadth, , and dheight, ſhall be : a foot. Such a 
mals, 5 


maſs, if it be of gold, would weigh 1330 pounds; 
if of ſilver, 770 pounds; if of iron, 500 pounds; 


and if of water, only 70 pounds; were it of air, 


it would weigh no more than the twelfth part of a 

porfhd. From this you ſee, that the different ſub- 

ſtances of which bodies are compoſed, vary con- 
ſiderably in reſpect of gravity. 


To expreſs this difference, we employ certain 
terms, which might appear equivocal, if they were 
not perfectly underſtood. Thus, when it is ſaid, 

that gold fs heavier than ſilver, It 18 not to be un- 
derſtood, that a pound of gold 1 is heavier than a 
5 pound of ſilver; for a pound, of whatever ſub- 
ſtance, is always a pound, and bas always preciſely 
the ſame weight; but the meaning is, that having 
two maſſes of the ſame ſize, the one gold and the 
other ſilver, the weight of the maſs of gold will ex- 
8 ceed that of the ſilver. And when it is aid, that 
i gold i 15 19 times heavier than water, we mean, that 
having two equal maſſes, the one of gold, the 
other of water, that which is of gold will have 19 

3 times the weight of that which 1 is of water. When 

2 thus expreſs ourſelves, we fay nothing of the 
abſolute weight of bodies, we only ſpeak by way 1 

of compariſon, and with a reference always 0 
maſſes of an equal fize. Neither is it of import- 
ance, whether the ſize be gr eat or ſmall, provided 


they be equal. 
25th Auguſt, 1 760. 


_——— 
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ELETTER AI. 
Terms relative to Gravity, and their true * . 


\ RAVITY, or weight, ſeems ſo eſſential to 
the nature of bodies, that 1 It 1 almoſt impoſ- 
= able to form the idea of a body diveſted of this 


” quality. And its influence is ſo univerſal, in all 
our operations upon body, that we muſt, in every 
. inſtance, | pay attention to its gravity, or weight. 5 


As to our own perſons, whether we ſtand, ſit, or 
lie, we continually feel the effect of the gravity of 


our own body: we could never fall, if the body | 


were not, as well as all; its parts, endowed with this 


f force. Language itſelf is regulated according 860 


this property of bodies. The place toward which a 


body tends in its deſcent, we term low; and the 3 
. oppoſite direction from the body, we term high. 1 5 
It muſt be remarked, that when a body, in fal. 


ling, 18 at perfect liberty, it always deſcends 1 in a 


ſtraight line, purſuing which, its direction is faid 


to be downward. This line is likewiſe called 


vertical, by which term we always mean a ſtraight 
- Une, drawn from high to low ; and if we conceive 
this line produced 5 till it reaches heaven, 
we call that point in the heavens our Zenith, an 
| Arabian word, denoting that Point in the heavens 


which 
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which is directly over our head. You compre- 


hend, then, that a vertical line, is that ſtraight line 
in which a body falls, when no longer ſupported. 
When you affix a thread to any body, holding it 


faſt at the other end, that thread will be ſtretched 


cout into a ſtraight line, and that line will be verti- 


cal. Maſons employ a ſmall cord, with a leaden 


ball at one end, which they call a plummet, to di- 


rec the perpendicularity of the walls which they 


raiſe; for theſe, to be ſolid, muſt be vertical. 


All the floors of a houſe ought to be ſo level, - 
that the vertical line ſhall be perpendicular to 
them; the floor, i in that caſe, | is ſaid to be horizon- 
tal; and you will pleaſe to remember, chat a hori- 
Zontal plane is always that to which the vertical 
Une is perpendicular. When you are in a perfect 85 
plane, bounded by no mountain, its extremities 
are termed the horizon, a Greek word, which ſigni- 
ies the boundary of ſight; and this plane t then re- 
; preſents a horizontal plane, Juſt as the ſurface of : 


a lake. 


We make uſe of fill another term to o expreſs 
what! is horizontal. We ſay that ſuch a ſurface or 
; line ! is level, We likewiſe ſay, that two points are 
on the level, when a ſtraight line, paſſing through Ss 
theſe two points, 18 horizontal, ſo that the vertical, 3 
er plumb line, ſhall be perpendicular to it. But 
two points are not on the level, when the ſtraight | 
_—____ 
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line, drawn through theſe points, is not horizon- 
tal; for then one of them 1 15 more elevated than the 
other. 8 

This is the caſe with rivers; their ſurface has a 
declivity; for were it horizontal, the river would 
be ſtagnant, and run down no longer, whereas all 
rivers are continually flowing toward places leſs 


elevated. There are inſtruments, by means of 


which we can aſcertain, whether two points are on 
the ſame level, or which is the higher, and by how 
much. This inſtrument 1 is called a level, and the 
application of 1 it is called the art of levelling. 
Mere you to draw a ſtraight line from any point, 
in your apartment at Berlin, to a given point in 


| your apartment at Magdeburg, you might, by 


means of ſuch an inſtrument, aſcertain, whether 


this line were horizontal, or whether one of 
| theſe points were more or leſs elevated than the 


; other. © believe the point at Berlin would be 


more elevated than that at Magdeburg: and I 

found this opinion on the courſe of the rivers : 
Spree, Havel, and Elbe. As the Spree runs into 
the Havel, it muſt, of courſe, be higher ; and, for 
the ſame reaſon, * the Elbe muſt be lower than the 


Havel: Berlin, therefore, ſtands higher than Mag- 
deburg, provided you compare two points at an 
equal degree of elevation from the ground; for 
8 were A a ſtraight line o be drawn from the ſtreet 
4 een 
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_ pavement at Berlin to the pinnacle over the dome 
at Magdeburg, that line would perhaps be hori- 


zontal. 


Hence you ſce how uſeful the art of taking le- 


vels is, when the conducting of water is omperned: 
For as water can run only from a more to a leſs 


elevated fituation, before digging a canal, you 
muſt be well aſſured, that one of the extremities 
is more elevated than the other, and this } is diſco- 


vered by taking the level. 


In building a city, the ireets ſhould be 0 diſ- 
poſed, as that, by means of adeclivity on one fide, 


the water may run off. It is otherwiſe in the con- 


- ſtruction of houſcs, the floors of which ſhould be 5 
perfectiy horizontal, and without the ſmalleſt . 
clivity, becauſe there is no water to be diſcharged, 175 
except in the floors of ſtables, which are conſtruct- 
ed with a gentle declivity. Aſtronomers take 

great pains to have the floors of their obſervato- 
ries perfectly level, to correſpond with the real ho- 

rizon in the heavens. The vertical line, produced | 


; — upward, marks the zenith. 


. 25th Auguft, hs 5 
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LETTER XLVIN. 


Reply 10 certain Objeftions 70 the Earth s / herical 


Bs / er derived from . 


x o know well, that the figure of che earth is 
nearly that of a globe. It has, indeed, 


5 been demonſtrated, that its form i is not perfectly 
ſpherical, but ſomewhat flattened toward the poles. 
The difference, however, 1 is ſo rrifling, that} it does 
not at all affect the object 1 have 1 in view. Neither | 
| does the difference of mountain and valley excite 5 
any ſolid objection to its globular figure; for i 8 
= diameter being 1720 German miles &, whereas the Ger 
higheſt mountains being ſcarcely half a mile ＋ in . 
5 height, ſink into nothing, compared to chis prodi- 
gious maſs. ; 


The ancients had a very imperfect notion of the 


10 figure of the earth. It was, in general, con- 7 
. ſidered as E huge maſſy ſubſtance A B C D (plate = 
II. fo. 11.) flattened above as A B, and —— 
partly with earth, partly with water. According . 
to their idea, the ſurface AB alone was habitable; 
and! it was 5 impoſſible to 80 beyond che points A - 


8 miles Engliſh. 
f About 12,000 feet, or 2 4 miles Engliſh, 


5 and | 
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and B, which they conſidered as the extremities of 
the world. When, in the progreſs of diſcovery, 
it was found that the earth was nearly ſpherical, 
and univerſally habitable, ſo that there were upon 
the globe, ſpots diametrically oppoſite to us, the 
inhabitants of which are therefore called our anti- 
podes, becauſe their feet are turned directly toward 
ours; this opinion met with ſuch violent contra- 
diction, that certain fathers of the church repre- | 
ſented it as a dreadful hereſy, and thundered out 
anathemas againſt all who believed in the exiſtence | 
of the antipodes. A man, however, would now 
| paſs for an idiot, who would call it in queſtion ; 
— eſpecially lince the opinion has been confirmed by 


the experience of navigators, who have actually, 85 


more than once, ſailed round the globe. But an- 
| other difficulty here preſents itſelf, the ſolution of 
which muſt afſiſt 1 us in Siſcorering the real direc- 
tion of gravity. . 
If the circle A B (plate II. fo. 140 i they, 
repreſents the earth, and we are at A, our anti- 


podes will be diametrically oppoſi ite, at B. As we, 


then, have the head upward, and the feet down- 
ward, our antipodes muſt have the feet upward 
and the head dowuward, ſuppoſing theſe words to 


indicate the ſame direction, as when we pronounce . 


the ſame words at the place where we are. For 
navigators, who have made the circuit of the globe, 
obſerve, that their head and feet had throughout 
=P 4 maintained 
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maintained the ſame poſition, relatively to the ſur- 
face of the terreſtrial globe. 


Some perſons, whom this phenomenon embar- 


raſſed, formerly thought of explaining it, by the 
compariſon of a globe, over the ſurface of which 
you ſee flies and other inſe&s crawl, on the under 
as well as the upper part. But they did not con- 
| ſider, that the inſects, on the dependent ſurface, ad- 
here to it by their claws, and, without this aſſiſt- 
ance, would preſently fall off. The antipode, 
then, muſt have his ſhoes furniſhed with hooks to 
hold him faſt to the ſurface of the earth: but 
5 though he has none, he falls not, any more than 
We do. Beſides, as we imagine ourſelves to be on | 
- the uppermoſt ſurface of the earth, the antipode 
has the ſame idea of his fituation, and conſiders \ us 
” as undermoſt. 


But the whole 8 are : eaſily accounted 


EO for, on the hypotheſis, which experience has de- 
monſtrated, that the direction of gravity is ſen- 
5 ſibly perpendicular to the ſurface of the earth, 
at every point of that ſurface; that it varies at - 
fttheſe different points; and that at thoſe which are . 
antipodes to each other, it muſt be exactly oppo- 5 
fte. The, terms upward and downward, therefore, 
do not expreſs an invariable direction, but the di- 
” rection of gravity, wherever! it is. Our antipodes 
have their heads downward only with relation to 
. os, but not with relation to themſelves ; : they, 83- - 


well 
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well as we, are in the poſition which the power of 
gravity conſtrains them to preſerve; and that poſi- 
tion is fimilar relatively to the ſurface of the earth. 


You had, undoubtedly, no need of this explana- 


tion; but there was a time, and it is not long 


| elapſed, when | it would have been neceſſar y, even 


to perſons who were then honoured with the ap- 
pellation of the learned. 


2855 Auguſt, I 560 5 


LETTER FLUX. 


75 rue ( Direftion and Adion of Gravity relative ro the 


Earth. 


face of the water. 


HOUGH the nies: of the earth 3 is unequal, 
becauſe of the mountains and valleys which 
is) it, it is, however, perfectly level where-⸗ 

ever there 1 is ſea; the ſurface. of water being al- 
ways horizontal, and the vertical line, in the di- 

rection of which bodies fall, being perpendicular 
| to it. If, then, the whole globe were covered with 
water, at whatever ſpot of the ſurface a perſon was, 
the vertical line would be perpendicular to the ſur- 


Thus 


Thus, the figure A B CDEFGHI /plre 
HI. fe. 1.) repreſenting the earth, its ſurface being 
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every where horizontal ; at A the line a A will be 


vertical; at B the line þ B; at C the line c C; at 


D the lined D; 3 at F the line F F; and ſo of the = 


reſt. Now, at every place the vertical line deter- 
mines what 1s to be denominated upward or doton- 
ward; to perſons at A, then, the point A is down- 
ward, and the point @ upward: and to perſons at 
F, the point F will be downward, and the point f 
upward, and ſo for every other ſpot on the ſurface 
of the earth. All theſe vertical lines a A, 5 B, 
2 5 E D, &c. are likewiſe named the directions 
of gravity, or weight, becauſe bodies univerſally | 
deſcend in the direction of theſe lines; thus, a 
body left to itſelf at g, would fall 1 in the direction 
-:.. of the line | g G. Hence it is evident, that bodies, 
univerfally, muſt fall toward the earth, and that : 
8 perpendicularly to the ſurface of the earth, or ra- 
| ther of the water, if it were water. 


At whatever place of the earth, therefore, you 


may happen to be, as bodies fall there toward 1 its 
ſurface, we call downward that which Is directed 
toward the earth, or is neareſt to it; and upward, e 
what is placed 1 in the oppoſite direction, or is far- og 
theſt from the earth : and, univerſally, men having 
their fect preſſed to the earth, their feet will be 
| | downward, and their heads upward. If the earth 5 
were a perfect globe, all the vertical lines 4 ABR, © 


c C, 
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c C, being produced inwardly, would meet at the 118 
centre of the globe, which is likewiſe that of the 138 
earth; and for this reaſon we ſay, that bodies uni- 
verſally tend toward the centre of the earth. Thus, 
wherever you are placed, when aſked, what is 
downward ? the anſwer muſt be, what approaches 11 
neareſt to the centre of the earth. In fact, were | 1 
you to dig : a hole i in the earth, at whatever place, | 1 
and to continue your labour inceſſantly, digging ; 1 i 
always downward and downward perpendicularly, | | 1M 
c you would, at length, reach the centre of the „ 5 
: earth, You will remember how Voltaire uſed I ik} 
laugh at the idea of a hole reaching to the centre of „ q 15 
the earth, mentioned by Maupertuis. * is true 9 I | 
ſuch a project could never be excuted, as it would 12 1 
be neceſſary to dig to the depth of 860 German 
miles *; but there is no harm in ſuppof ing it, in 
order to diſcover what would be the reſult. 
= Lot us ſuppoſe. then ſuch a hole (plate ns: 
fo. 2: ) to be dug at A, and continued beyond the 
centre of the earth O, the whole length of the dia- 
meter, as far as to our antipodes B, and that we 
were to deſcend along this aperture. Before ar- 
riving at the centre O, and having reached, for 
example, the point E, the centre af the earth O 
will there appear « downward, and the point A up- 
ward; and, unleſs ſomething ſupported us, we 
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ſhould fall toward 0. But write paſſed beyond 
the centre, to F, for example, our gravity would 


then have a tendency roward O; this point, and 


much more the point A, would appear downward, 


and the point B upward. Thus the terms upward 
and downward would ſuddenly change their ſigni- 
| fication, though we ſhould have paſſed from A to 
B, in the direction of a ſtraight line. 


As long as we are on the paſſage from A to O, 


ve are deſcending ; but in going from O to B, we 
are actually riſing, for we are removing from the 

9 centre of the earth; our own gravity being always - 
directed toward that point; ſo that, if we were to 
| fall, whether from E or from F, we ſhould always 
fall toward the centre of the earth. Our antipode 
3 B, if he wanted to paſs from B to A, would be 
in preciſely the ſame ſituation. From B to the 
centre O he would have to deſcend ; but from (ON 
to A it would be all an aſcent. Theſe conſidera. 
tions lead us thus to define gravity, or weight.- — 
It is a power by which all bodies are forced toward 
the centre of the earth. The ſame body which, 
being at As is forced in the direction A O, if 

= tranſported to B, will be forced, by the power of 
_ gravity, in the direction B O, which is directly op- 
poſite to che other. By the direction of gravity, 


then, we every where regulate the ſignification of 
the terms upward and downward, riſe and deſcend, 


as gray ity, or weight has a very eſſential influence 


on 
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on all our operations and enterprizes, and as even 


our own bodies are animated by it to ſuch a de- 
gree, as univerſally to feel its effects. 


29th Auguſt, 1760. 


rl 


Different Action of Gravity with Reſpect to certain Coun- 
; tries and e 2 the Centre of the Earth. 


our globe are accordingly conſidered as the direc- 
tions of the power of gravity. 


With ſtrict propriety is the term power applied 

to gravity, as every thing capable of putting a 
body 1 in motion is expreſſed by that name. Thus 
we aſcribe power to horſes, becauſe they are able 
to draw along a chariot; or to the current af 


river, or to the wind, becauſe by their means mills 


may be put in motion. 1 here can be no doubt, 


therefore, that gravity is a power, as it forces bo- 
dies downward : and we are abundantly ſenſible 
ED af 


o are now ſenſible, that all bodies are 
forced directly towards the centre of the 
ak, and perpendicularly | to its ſurface by their 
8 gravity: : the perpendicular lines at the ſurface of = 
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of the effect of this power, by the preſſure which 


we feel when we carry a load. 


Now, in every power two things are to be con- 


ſidered : firſt, the direction in which it acts, or 
forces along bodies; and, ſecondly, its quantity, 
which is eſtimated by the effect it produces. As 
to the direction of gravity, it is ſufficiently known, 
for we are ſure that it forces all bodies toward the 

centre of the earth, or, which amounts to the ſame 


thing, that it acts perpendicularly to the ſurface of 


: our globe. 


It remains, therefore, that we examine its quan- 


tity. This power 1s always determined by the 
weight of every FRO” „ and as bodies differ greatly 


with 


* EY coder to fro an exact os f the weight of a body, — 


; muſt be recollected, that gravity impreſſes, or has a tendency to 
impreſs, on every particle of bodies, in an inſtant, a certain ve- 
locity, with which they would fall, if they were not ſupported ; 
and that, abſtracting the influence of the air, this velocity would 
be the ſame for each of the particles of bodies, whatever be their 
= ſubſtance. This being laid down, we muſt underſtand by the 
weight of a body, the effort neceſſary to prevent it from falling; "== 
and it is evident, that, in order to this, it is neceſſary to deſtroy 
the velocity which gravity has impreſſed on every particle. This 
effort mug, therefore, be equal to the ſum of the velocities of all 
_ theſe particles. Hence it may be eaſily conoluded, that bodies 
the moſt compact, that is, thaſe whoſe par ticles are the cloſeſt, 
and which, conſequently, contain a greater number of them in 
the ſame bulk, will weigh more than others, becauſe the weight 
being the ſum of the velocities impreffed on each par tice, that — 


ſum 
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with reſpect to weight, thoſe which are heavieſt 


are likewiſe forced downward with the greateſt 


violence. It has been aſked, Whether the ſame 
body, tranſported to a different place of the globe, 
preſerves always the ſame weight? 1 ſpeak of bo- 
dies which loſe nothing by evaporation. It has 
been demonſtrated, by undoubted experiments, 
that the ſame body weighs ſomewhat leſs toward 
the equator, than toward the poles of the earth. | 
It will readily occur to you, that it is impoſſible 


| to aſcertain this difference by the exacteſt balance, 
becauſe the ſtandard- weights employed for deter- 


15 mining the weight of matter in bodies, undergo 


the ſame variation. Thus a maſs, which with us 


might weigh 100 pounds, being tranſported to the 
equator, would ſtill nominally, be loo pound weight, 


Sang muſt be fo much oreater, as s there are more material par- . 


ticles contained in the maſs of the.body. 
From what I have juſt ſaid, * we ſee the neceſſity of carefully 


* diſtinguiſhing between the effect of gravity and that of weight: 
e the former is the power of tranſmitting, ora tendency to tranſ. 

0 mit into every particle of matter a certain velocity, which is 
« * abſolutely independent on the number of material particles ; „ 
* and the ſecond is the effort which muſt be exerciſed to prevent 
«a given maſs from obeying the law of gravity. Meigbt, ac- 


E cordingly, A on the maſs, but 85 avity has 2 dependence « at 
10 all upon it.” 


I thought — Ele to enter thus minutely into the ſub- 
ject, as the notions commonly entertained of it are not very 


5 exact. F. E. 
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but the effort will be ſomewhat leſs than here, 
This variation has been diſcovered by the effect 
_ itſelf of the power of gravity, which is the velocity 
of the deſcent, for it is found, that the ſame body, 
under the equator, does not deſcend with ſo great 
velocity as in high latitudes. It is certain, there- 
fore, that the ſame body, being tranſported to dif- 
ferent places of the earth, undergoes a little change 
as to weight. 


Let us now return to the aperture made in the 


5 earth through i its centre; it is clear, that a body at 


the very centre, muſt entirely loſe its gravity, as it 
could no longer move in any direction whatever, 
; all thoſe of gravity tending continually toward the 


| centre of the earth. Since, then, a body has no 


longer gravity at the centre of the rarth, it will fol- 


low, that, in deſcending to this centre, its gravity 


will be gradually diminiſhed ; 'and we accordingly 
conclude, that a body, penetrating | into the bowels 
of the earth, loſes its gravity, in proportion as it ap- 

| proaches the centre. You muſt be ſenſible, then, that 

neither the intenſity, nor the direction, of gravity, is 
a conſequence from the nature of every body, as 

not only its intenſity is variable, but likewiſe its 

direction, which, on paſſing t to the antipodes, be- 


Comes quite contrary. 


Having travelled, in idea, to the centre of the 
| earth, let us return to its ſurface, and aſcend to the 
ſummit of the loftieſt mountains. We ſhall ob- 
Rn Te ſerve 
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ſerve there no ſenfible change 1n the gravity of bo- 


dies, though there is very good reaſon to believe, 


that the weight of a body diminiſhes, in propor- 


tion as it removes from the earth. You have but 


to imagine a body gradually removing from our 
| globe, till it reached the ſun, or one of the fixed 


ſtars, it woald be ridiculous to think that ſuch a 


body muſt fall back to the earth, as it is almoſt a · 
nothing compared to theſe ſtars. Hence, then, it 
may be concluded, that a body in removing from 
the earth muſt undergo a diminution of gravity, 


which will become ſmaller and ſmaller, till, at laſt, 
it wholly diſappear. 
There are reaſons, however, which demonſtrate, 


that a body removed to the diſtance of the moon, 
will {till have ſome weight, though 3600 times leſs 
than it had on the earth. Let us Conceive ſuch a 


body to weigh 3600 pounds on the earth, no one, 


ſurely, is capable of ſupporting i it here; but con- 


vey it to the diſtance of the moon, and I ſhall en- 
gage to ſupport it with one of my fingers, tor then 


it will weigh only one pound; and farther 1 remov- 
| ed, would weigh Rill leſs. We are certain, there- Z 
fore, that gravity is a power which forces all bo- 


dies toward the centre of the earth, that this 


power acts with the greateſt force at the ſurſace of 


the earth, and is diminiſhed i in proportion as it re- 


moves from thence, whether by penetrating . 
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ward the centre, or riſing above the ſarface of 
the globe. I have ftill much to fay on this 
ſubje&. 


zoth Auguſt, 1760. 


LETTER 1 


21 0. avily of the Moon. 


I HAVE ſaid, that a terreſtrial body, iced at 


the diſtance of the moon, would be reduced to 


the 360oth part of its weight, or, in other words, 5 
would be forced toward the centre of the earth 
with a power 3600 times leſs than it has at the 
| ſurface of the globe. This power, however, would 
DE ſufficient to make it deſcend to the earth, if it 
wert no longer ſupported. It is true, we are in- 
| capable of proving this by any experiment, as no 
means exiſt of raiſing ourſelves to ſuch a height. 
There is, however, a body at that height, the 
moon : ſhe muſt, therefore, be ſubject to this ef. 


fect of gravity, and yet we {ee ſhe does not fall to 
the earth. 


To this I anſwer, that if the moon were at reſt, | 


ſhe would. certainly fall, but the rapid motion 


which : 
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Which carries her along prevents her falling. There 


are experiments which prove the ſolidity of this 
anſwer. A ſtone dropped from the hand, without 


having any motion impreſſed upon it, falls imme 
995 diately, in the direction of a ſtraight vertical line; 
but if you throw this ſtone, impreſſing on it a 
motion which forces it out of that direction, ic 
does not fall immediately downward, but moves 
in a curve line before it reaches the earth, and this i 
will appear more ſenſibly, in proportion to the ve- | 


locity impreſſed upon it. 


A cannon ball, diſcharged ; in a horizontal direc- 
tion, does not come to the earth till it has got to a 
conſiderable diſtance ; and were it fired from the 
top of a high mountain, it might, perhaps, fly ſe- 

| veral miles before it reached the ground. If the 
direction of the cannon is farther elevated, and the 
quantity and ftrength of the powder increaſed, the 

ball will be carried much farther. This might be 

carried ſo far, that the ball ſhould not light till 1 it 
had reached the antipodes : : nay, farther ſtill, till 
it ſhould not fall at all, but return to the place | 

Where it was ſhot off, and thus perform a new 

tour round the globe. It would thus be a little 

moon, making its revolutions round the earth like 


the real moon. 
| You will now Sk to reflect on the height of 
the moon, and che prodigious velocity with which 
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ſhe moves, and you will no longer be ſurprized, 
that ſhe ſhould not fall to the earth, though forced 
by gravity toward its centre. There is another re- 
flection which will place this in a clearer light. 
We have only to conſider the path deſcribed by a 
ſtone thrown, or a cannon ball ſhot off, in an 
_ oblique direction. It is always a curve, ſuch as re- 
preſented in the annexed figure (plate III. fy. 3.) 
Let A be the ſummit of a mountain from which 
the cannon ball is fired off, which, after having 
| moved i in the direction AE F B, falls to the ground 
at B; and the path which it deſcribes is a cure 
line. 1 remark, then, that if the ball were not 
| heavy, that is, if it were not forced toward the 
earth by the power of gravity, it would not fall, 


though left to itſelf}, as gravity is the only cauſe of 
” deſcent ; much leſs, being fired off at A, as re- 


preſented in the figure, would 1 it ever fall to the 


ground. Hence we ſee, it is gravity that brings it 


down to the ground, after having deſcribed the 


7 curve A E F B; Sravity, therefore, directs it's path 


in the curve A E FB; and if it were deſtitute of 
| gravity, the ball would not deſcribe a curve, but 
proceed forward in the direction of the ſtraight line 
AC, the direction in which it was fired oft. 
This being laid down, let us attend to the 
moon, which aſſuredly does not move in a ſtraight 
line; her path muſt, of neceſſity, be a curve, as 
ſhe always preſerves nearly the ſame diſtance from 
0s: 
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us, and that curve almoſt a circle, ſuch as you 
would deſcnbe round the earth, with a radius equal 
to the moon's diſtance. | 
It is very reaſonable to demand, Why the moon 
does not move in a ſtraight line ? But the anſwer 
is obvious; for as gravity occaſions the curve di- 
rection of the path purſued by a ſtone thrown, or 
a cannon ball fired off, there is good ground for 
maintaining, that gravity acts likewiſe upon the 
moon, forcing her toward the earth ; and that this 
gravity occaſions alſo the curve direction of her 
orbit. The moon, then, has a certain weight, ſhe 
1s, of conſequence, forced toward the earth; but 
this weight is 3600 times leſs than! it would be at 
the ſurface of the earth. This is not merely a pro- 
bable conjecture, but a truth demonſtrated. For 
this gravity being ſuppoſed, we are enabled to de- 
termine, on the moſt eſtabliſhed mathematical prin- 
ciples, the path which the moon muſt purſue ; 3 


and this is found perfectly to agree with that in 


which ſhe actually does move; and this is a com- 
e demonſtration of the truth of the e aſſertion. ib 


12 3 1760. 
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LETTER Lt, 
Jjewvery of os Gravitation ” Newton. 
- RAVITY, then, or + weight, 18 a property ya 


| all terreſtrial bodies, and it extends, like- 
wiſe, to the moon. It is in virtue of gravity that 


the moon preſſes toward the earth; and gravity 
regulates her motion, juſt as it directs that of a 


ſtone thrown, or of a cannon ball fired of. 
To Newton we are indebted for this important 
diſcovery. This great Engliſh philoſopher and 
| geometrician, happening one day to be lying un- 


i : der an apple. tree, an apple fell upon his head, and 


ſuggeſted to him a multitude of reflections. He 
readily conceived, that gravity was the cauſe of the 
apple's falling, by overcoming the force which at- 


— tached it to the branch. Any perſon whatever 


might have, made the ſame reflection; but the En- 


gliſh philoſopher purſued i it. much farther. Would 
„ force have always acted upon the apple, had 


HERS the tree been a great deal higher ? He could en- 5 
. tertain no doubt of it. 5 
| But had the height been equal to chat of the 
moon g Here he found himſelf at a loſs to deter- 
mine, whether the apple would fall or not. In 
caſe | it | ſhould fall, which appeared to him, how- 


ever, 
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ever, highly probable, fince it is impoſſible to con- 
ceive a bound to the height of the tree, at which 


it would ceaſe to fall, it muſt ſtill have a certain 


degree of gravity forcing it toward the earth; 


therefore, 1f the moon were at the ſame place, ſhe 


muſt be preſſed toward the earth, by a power ſimi- 


lar to that which would act upon the apple. Ne- 
vertheleſs, as the moon did not fall on his head, he 
conjectured that motion might be the cauſe of this, 
juſt as a bomb frequently flies over us, without fal- 


ling vertically. 


This compariſon of the motion of the moon to | 

_ that of a bomb, determined him attentively to ex- 

amine this queſtion and, aided by the moſt ſu- 
blime geometry, he diſcovered, that the moon, in 

| her motion, was ſubject to the ſame laws which re- 
gulate that of a bomb, and that if i it were poſſible 

to hurl a bomb to the height of the moon, and with 
the ſame velocity, the bomb would have the ſame 
motion as the moon, with this difference only, that 


the gravity of the bomb, at ſuch a diſtance from 
the earth, would be much leſs than at its ſurface. 


You will ſee, from this detail, that the firſt rea- 


6 of the philoſopher on this ſubject were very 


ſimple, and ſcarcely differed from thoſe of the 

clown; but he ſoon puſhed them far beyond the 
level of the clown. It is, then, a very remarkable 

Property of che earth, that not only all bodies near 
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it, but thoſe alſo which are remote, even as far as to 


the centre of the earth, 1n virtue of a power which 


the diſtance of the moon, have a tendency toward 


1s called gravity, and which diminiſhes in propor- 
tion as bodies remove from the earth. 


The Engliſh philoſopher did not ſtop hots; As. 


he knew that the other planets are perfectly ſimilar = 


to the earth, he concluded, that bodies adjacent to 
each planet, poſſeſs gravity, and that the direction 
of this gravity is toward the centre of ſuch planet. 
This gravity might be greater or leſs there, than 
on the earth; in other words, that a body of a cer- 
tain weight with us, tranſported to the ſurface „ 
any planet, might there weigh more K 
Finally, this power of gravity, of each planet, : 
| extends, likewiſe, to great diſtances around them; 


and as we ſce that Jupiter has four ſatellites, and 


Saturn five, which move round them, juſt as the 
moon does round the earth, it could not be doubt- 
ed, that the motion of the ſatellites of Jupiter was 
8 by their gravity toward the centre of . 
that planet; and that of the ſatellites of Saturn by 
| their gravitation toward the centre of Saturn, 
Thus,. in the ſame manner as the moon moves 


round the earth, and their reſpective ſatellites 1 move 


round Jupiter and Saturn, all the planets them- 


{elves move round the fun. Hence Newton drew . 


the 


33 
the ſun is endowed with a ſimilar property of at- 
trafting all bodies toward its centre, by a power 
which may be called folar gravity. 
This power extends to a prodigious diſtance 
around him, and far beyond all the planets, for it 
is this power which modifies all their motions. 
The ſame great philoſopher diſcovered the means 
of determining the motion of bodies, from the 
knowledge of the power by which they are attracted ; 
to a centre; and as he had diſcovered the powers 
which act upon the planets, he was enabled to give 
an accurate deſcription of their motion. - Ia truth, „ 
before he aroſe, the world was in a ſtate of pro- 
found i Ignorance, reſpecting the motion of the hea- 

5 venly bodies; and to him alone we are indebted, „ 
for all the light which we now enjoy in the ſcience : 
; of aſtronomy. EPs Ou 

It is aſtoniſhing to think how much of chair pro- Is 

5 greſs ; all the ſciences owe to an original idea fo 
- very fimple. Had not Newton, accidentally, been 
lying 1 in an orchard, and had not that apple, by 

chance, fallen on his head, we might, perhaps, ſtill 
have been | in the ſame fate of ignorance reſ pecting 
the motions of the heavenly bodies, and a multi- : 

rude of other phenomena depending u pon | them . 
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FC day, How he had diſcovered the ſyſ- 
tem of the univerſe ? By continually thinking upon it, replied he. 
This anecdote has a Secater- air of Probability than the ſtory of 
the apple.—F. . 


This 
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This ſubject, undoubtedly, i 18 altogether worthy of 
your attention, and ſhall therefore be reſumed 1 in 
a future letter. 


| 34 Sptenber, 1760. 


(LETTER Ill | 


Contimation. Of the mutual Attraflion of the beavenh . 
e Bodies. ; _ 


St HE 83 ſtem, you „ will: eafily. be- 
| lieve, made, at firſt, a great noiſe, and with 


good reaſon, as no one had hitherto hit upon a 
. diſcovery | ſo very fortunate, and which diffuſed, at 
po once, ſuch clear light over every branch of ſcience. 

It has been expreſſed by ſeveral names, of which _ 


it is proper you ſhould be informed, becauſe. it w 


- frequantly the ſubject of converſation, 


It has been denominated, the ſyſtem c of univerſal : 


5 gravitation; for Newton maintained, that not only | 
the earth, but all the heavenly bodies, i in general, 
are endowed with this property, of attracting thoſe 


which ſurround them, with a power ſimilar to that 


3 of weight, or gravity: hence is derived the term 
| Gravitation. This power is, however, totally 1 invi- 


ſible; 
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fible ; for we ſee nothing acting upon bodies, ard 


preſſing them toward the earth, and ſtill leſs to- 
ward the heavenly bodies. e 
The loadſtone, by which iron and ſteel are at- 


tracted, without our being able to diſcern the 
cauſe, preſents a phenomenon ſomewhat ſimilar. 
N it be now certain, that this is produced by 
a ſubſtance extremely ſubtile, which penetrates 
chrough the pores of the loadſtone and of the iron, 
it may, however, be affirmed, that the loadſtone 
attracts i iron, and that 1 iron is attracted by it, pro- 
vided this manner of ſpeaking does not exclude 
the true cauſe. It may likewiſe be affirmed, then, 
that the earth attracts all bodies that are near it, 
4 nay, thoſe which are at very great diſtances ; ; and 
we may conſider the weight, or gravity, of be- 
dies, as the effect of the attraction of the earth, 


which acts even u pon the moon *. 


— 80 far i is the exiſtence of a magnetic Auid from: being uride. . 
x niable, that it is hig ghly improbable, if not abſurd. The va- e 
rious phenomena of magnetiſm may clearly be derived fr om two 

x laws, or general facts; ; than which a greater ſimplicity can har dl 7 


be expected. If we recur to the agency of a fluid, we muſt gra- 


6 tuitouſly beſtow on it a number of properties; and, after all, 
we ſhall find it extremely difficult, I might ſay, impoſlible, to 
Preſerve confiſtency in our complicated hypotheſis ; nor ſhall we 

— Ever be able, from our aſſumptive principles, to account for the 
facts obſerved. Such, at leaſt, has been the fate of the ſpecula- 


tions hitherto offered on the ſubject of magnetiſm, —E. E. 
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Again, the ſun, and all the planets, are endowed 
with a ſimilar power of attraction, which extends 
to all bodies. In conformity to this manner of 
. ſpeaking, we ſay, that the ſun attracts the planets, 
and that Jupiter and Saturn attract their reſpective 
ſatellites; hence Neæroton's ſyſtem has likewiſe been 
denominated, the ſyſtem of Attraction. As there 
can be no doubt that bodies very near the moon 
muſt likewiſe be preſſed to it by a power f milar to , 


— 5 gravity, it may likewiſe be affirmed, that the moon, 
00s attracts adjoining bodies. 5 


It was natural to ſuppoſe, that this attraction of 


— the moon ſhould extend as far as the earth, though 


it muſt be, undoubtedly, very feeble, as we Juire 5 
ſeen that of the earth upon the moon to be; now, 
the fame philoſopher has placed this, alſo, beyon 15 


the reach of doubt, by demonſtrating that the flux 


| and reflux of the waters of the ſea, of which I ſhall 


| take occaſion to ſpeak afterwards, are cauſed by 
the attraction of the moon. It can no longer | be 


doubted, therefore, that Jupiter and Saturn are 


1 reciprocally attracted by their reſpective ſatellites; ; 


and that the ſun itſelf is ſubject - to the attraction 5 
of the planets, though this attractive power be e ex- 


5 2 ceedingly ſmall. 


This is the origin of the ſtem of anixecfal at- 
traction, in which it is maintained, and with good 
__ reaſon, that not only does the ſun attract the planets, 25 


but is reciprocally attracted by each of them ; nay, 
that 


A GERMAN PRINCESS. 2.37 


that all the planets exert their attractive power up- 

on each other. The earth, then, is attracted, not 
only by the ſun, but alſo by all the other planets, 

though their power be almoſt imperceptible, com- 
pared to that of the ſun. 


You will eaſily comprehend, that the motion of 
a planet, which is attracted not only by the ſun, 
| but by the other planets, in however ſmall a de- 

gree, muſt be ſomewhat different from what it 
would have been, were it attracted by the ſun only; 
and that, conſequently, the attractions of the other 
planets muſt cauſe ſome ſmall derangement of that 
motion. Now theſe derangements are, likewiſe, | 

confirmed by experience ; and this has carried the 
ſyſtem of univerſal attraction to the higheſt poſlible - 
degree of certainty, ſo that no one now 1 


to diſpute its truth. 


1 muſt, likewiſe, remark, that comets, too, are 
ſubje& to this law; that they are principally at- 
tracted by the ſun, whoſe action regulates their 
motion; but that they, likewiſe, feel the attrac- 

. power of all the planete, eſpecially when they 5 
are not very diſtant from them. It is a general 
rule, as we ſhall ſee afterwards, that the attraction 
of all the heavenly bodies diminiſhes i in proportion 
do the diſtance, and increaſes in proportion to the 

nearneſs. Now, comets, likewiſe, are endowed 


with a power, by which other bodies are attracted 


toward them, and ſo much the more ſenſibly, as 
= = they: 
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they approach nearer. When, therefore; a comet 
paſſes ſomewhat more cloſely to a planet, it may 
derange the motion of that planet by it's attractive 
power; and it's own will, likewiſe, be diſturbed 
by that of the planet. Theſe conſequences are ve- 
. rified by real obſervation, 


Examples migbt be adduced to prove, that the 


5 motion of a comet has been deranged by the attrac- 
tion of the planets, near which it happened to 
paſs x, *, and that the motion of the earth, and of 

5 the other planets, has already undergone ſome de- 

RY rangement, from the attraction of . 

he fixed ſtars being bodies ſimilar to the ſun, e 

| are likewiſe endowed, no doubr, with an attractive e 

power, but their enormous diſtance prevents our 
feeling 9 2 ſenſible effect from it. 88 


* 11 he comet 4 1682, which ſhould 2 re- appeared in 17 57. | 


mer went, from the attractive powers of Jupiter and Saturn, 
5 near which it paſſed, a conſiderable derangement, which retard- 
ci it's appearance nearly two years. Mr. Clairaut calculated, 
” theoretically, the perturbations which it's motion muſt have ſuf- 
fered, and predicted the return of that comet, with a degree of „ 
exactneſs, which conſtitutes a convincing proof in favour of the 
ſyſtem of gravitation. There was, however, an error of two 
months. | But Mr. _ la Place has ſince demonſtrated, that . 
would have been much leſs, had we then been able to calculate 
= the perturbations of Jupiter and Saturn, with as much exactneſs 
85 a8 it now can be done F. E. 


eo Spe, ne. 


LETTER 
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LETTER IV. 


* Sentiments f Philoſopher 5; reſpeting u1 univer- 
. Gravitation. 7 he Attraftionifts. 1 


. is eſtabliſhed, then, by reaſons which: can- 
1 not be controverted, that an univerſal gravita- 
tion pervades all the heavenly bodies, by which 
they are attracted toward each other; and that 
this power is e in (proportion. to their proxi- | 
mity. 8 
7 bis fact is inconteſtable, bart it has been made 5 
8 queſtion, Whether we ought to give it the name 
of impulſi on, or atlraction? The name, undoubted- 
ly, i is a matter of indifference, as the effect is the 
fame. The aſtronomer, accordingly, attentive on- 
| ly to the effect of this power, gives himſelf little 
trouble to determine, whether the heavenly bodies 
are impelled toward each other, or whether they 
1 mutually attract one another: and the perſon, „Who 
examines the phenomena only, is unconcerned, , 
whether the earth attracts bodies, or whether they - 
are impelled toward it, by ſome inviſible cauſe. 
But, in attempting to dive into the myſteries of 
nature, it is of | importance to know, if the hea- 
venly bodies act upon each other by impulſion, or 
e attraction; if a certain ſubtile inviſible matter 
impels 
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impels them toward each other, or if they are en- 
dowed with a ſecret, or occult, quality, by which 
they are mutally attracted? On this queſtion phi- 
loſophers are divided. Some are of opinion, that 
this phenomenon is analogous to an impulſion; 
others maintain, with Newton, and the Engliſh i in 


5 general, that it conſiſts i in attraction. 


It muſt be obſerved, that the terms attraft, Pf = 
draw, are not perfectly ſynonimous; that, accord- 
ingly, it is not to be ſuppoſed, there is an interme- | 
diate body between the ſun and the earth. _ 
The Engliſh, and tl oſe WhO have adopted the 
lame opinion, explain it in this manner. They 
0 maintain, that the quality of mutual attraction is 


4 proper to all bodies; ; that 1 it is as natural to them as 


magnitude, and that it is a fatisfying ſolution of 
the queſtion, That the Creator willed this mutual 
attraction of bodies. Had there been but two bo- N 
dies in the univerſe, however remote from each 

other, they would bave had, from the firſt, a ten- 


dency toward each other, by means of which they . 
would have, in time, approached and united, 


: Hence it follows, that the greater a body i is, the 

more conſiderable 1 is the attraction which it exerts 

upon others; for, as this quality is eſſential to 
matter, the more of it any body contains, the 

greater is it 5 22 force. 

As the fan, 2 berefore, conſiderably ſurpaſſes all = 

the planets in mag tude, it's attractive force mult 

| be 
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be much greater than theirs. They likewiſe re- 
mark, that the maſs of Jupiter, being much greater 


than that of the earth, the attractive force which 


he exerciſes over his ſatellites, is much more power- 
ful than that with which the earth acts upon the 
moon. 


According to this ſyſtem, the gravity of bodies 

on the earth, is the reſult of all the attractions ex- 

erciſed upon them by the particles of our globe; 
and if it contained more matter than it actually 
does, it's attraction would become more powerful, 
and the gravity of bodies would be increaſed. But 
if, on the contrary, the maſs of the earth ſhould 
happen, by ſome accident, to be diminiſhed, it's 
attractive force, too, would be diminiſhed, as well 


as the gravity of bodies, at it's ſurface, 


It has been objected to theſe philoſophers, that, : 
on their hypotheſis, any two bodies, whatever, at 
reſt, for inſtance, on a table, muſt attract each 
other, and, conſequently, approach. They admit 
the conſequence, but they inſiſt, that, in this caſe, 15 
bhbe attraction would be too {mall to produce any 
5 ſenſible eſſect; for, if che whole maſs of the earth, 
by it's attractive force, produ ices in every body, 
; only that effect which we perceive in the weight of 
a body, a maſs many millions of times ſmaller than | 
the earth, will produce an effect as many times 


ſmaller. 
It muſt readily be adi ted, that it the weight, 
Vor. * . "a of 


— 6% — 4 # * * - *: 4 _-- 5-4-7 _ — +> _ * * - _ 
"WY 8 — — , ** 2 28 7 ” 
* = 1 , 2 8 * TE; i" — — — - - - ad" r * 7 — — 2 
— — * 4 _ 2+ 4 8 * = *. —— — - *- 3 32 2 _— —_— "4 22 2 
5 — n mY A — — - — _ — — — an - * 4 3 — — — 2 4 7 4 
Jn bo - 2 — — 
22 a — : 2 — E 2 — LB 3 3 2 — * — th = 


* — 1 . . of - — * * 
rw E 1 3 4a 3] - 
—— TT ET OOONTT OTE yo TIT 220 L 
* 2222 . 8 * - " : ” - * 'q - 
1 . N - — | 22 44 


EEE * D 2 
2 any — — * * — rH 22 — Por — ———_— by + — 7 — — — 
. — <a, Tas 1 > Ry MW. tt . — — % 7 "Wa. - WA 2 — — - - — — - * r 
. . l 7 = e L 2 


r 


7 
4 cl 
/ Y T — 7 
.T g 
. R. K 
. 17 3 
_ . „ 
: * 
15 ö | 
J N 
| * 1 
* . 4 i 
l . * 
142 
* 
N * 
$ Os 15 
n 
& p 14 * 
| 2 5 
e 
17% 
% © yo p 
1 * 
*. +» 
: * « 1. * 
: 
7 : 
- z 1 < „E. a 
A WAY 
04 
* 5 1 
19107 
* 
. , 1 -4 | 
4 l - 
| 4 00 
F 120 o 
; *F 32 
, 7 
N 118 
'S | 1 « 
12 i « 
K ; 4 
1 . 
, = 
© 
0 e 
1 % 
N i 9 1 
| : 
1 
. it 7 12 
o yt : 
: 3 ** 4 
£ 5 i 4 
oy 1.0 
L TEC * I 
1 
= i 1 1 
* 3 
1 
Ae x 
FILM 
1 1 
b wy 
o An 
i TI 
| »© 
y * 
; & © * 
; Ws 
, \ 
* * 
1 l 1 4 
\ * 
9 F 
„ 
1 1 
4 1 
be 
1 
7 
1 9 
* o 4 
7 
* 
* 
; f ? 
| * 
9 
** £4 
| — 
k 17 
„ 
1 
: * 
4 * 
142 
0 0 
} * 
N 
4 
* My 
= 
| SIRE 
I 
$ \ 
1 
41 5 
4 . 
4 1 
i 
i 
! * 
| ] 


r 


* „ 
— 
rn r oO eererer 


tf 
E  O. " 


<p - 0 _ - 
8 


_— Er 
——— — — — — p 
— * — ——— — —— hn yt 2 1 
— ww 
— 


+ 
— . * . 
2 1 a n 2 Pn” * 4 4 
* 2 . : 
- = Das — —— of » * — ws By — — — % 
. * * . a . 82 i Cr rs 
gm, on © : — — 
„ : - : s — * = - 
be” Tv * — — "of * 1 
— — — te : | * — pt" | DE 
* —_— — 
„ 5 . 


A 
—— — — — —— 
; * — — 
d 3 b Www. © By + 1 — 
r — 
| 4 _— — Ws — 7 2 - "3 8 - 


a: 1 
Fs 

ge > * r % 
— =2 

— ä 
1 Ly i =_ 


242 LETTERS TO 


| of a body became many millions of times leſs, 
the effect of gravity upon it muſt be reduced to 
| ; almoſt nothing : attraction, therefore, cannot be 
| perceptible, except in bodies of very great magni- 
| tude. The partizans of the ſyſtem of gravitation, 
| therefore, are not vulnerable on this ſide, and they 
| produce, in ſu pport of their opinion, an experi- 


maaent made in Peru, by the French academicians *, 5 


| in which they perceived the effect of a ſlight attrac- 
| tion of a prodigious mountain on adjacent bodies. 
| In adopting, therefore, the ſyſtem of attraction, we 
| . veed to be under no apprehenſion of it's leading 
1 us to falſe conſequences ; and it has hitherto Deen: 
OO always confirmed by the 1 new facts which bave been 2 
| Ye diſcovered. 
| 8: © The acadeinicians ſent to Peary, 1 in 173 _ to meaſure a de- 
Z | gree of the meridian, obſerved a deviation of 8 in the plumb- | 
| | | line of their quadrant, occaſioned by the attraction of Pichencha, 
| a mountain, near the place where they were making their obſer- 
| vations. Dr. Maftelyne has more recently made obſervations for 
| EY aſcertaining the effect of the attraction of the mountains 40 Scot- 
'T land. . E. e 
| ; ; e 1760. 
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LETTER LY. 


Power by which the Heavenly Bodies are mutually 
attrafted. 


P o are well led with the property __ 
the loadſtone, that of attracting iron. You | 
have: ſeen ſmall bits of | iron and ſteel, ſach as 
needles, when placed near the loadſtone, move to 
itt, with a force proportioned to their proximity. 
As you ſee nothing that impels them toward the 
loadſtone, we ſay that the loadſtone attracts them, . 
and this phenomenon we call attraction. It cannot 
| be doubted, however, that there 1 is a very ſubtile, 

though inviſible, matter, which produces this ef- 
fect, by actually impelling the iron toward the 15 
loadftone ; + but as modes of expreſſion are regulat- 
ed by appearances, it has become cuſtomary to *. - 


that the loadſtone attracts i Iron. 


8 Though this phenomenon. be peculiar to the 
loadſtone and iron, it is perfectly adapted to con- 

vey an idea of the ſignification of the word attrac- 
tion, which philoſophers ſo frequently employ. 
They allege, then, that all bodies, in general, are 
endowed with a property ſimilar to that of the load= 


ſtone, and that they all mutually attract; but that 


this effect becomes not perceptible, unleſs they are 
= 2 SSR very 
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very great, and cannot be perceived when they are 
ſmall. | 


However great, for example, a ſtone may be, it 


exerciſes no ſenſible attraction on other bodies ad- 
em to it, becauſe it's power is too ſmall. But 
if it's maſs were to increaſe, and to become many 
thouſands of times greater, it's effect would, at 
length, become perceptible. It has already been 8 
Y remarked, that, from actual obſervation, it was 
found, that a lofty mountain in Peru had produced 
attraction, though, indeed, in a very ſmall degree. 
. mountain ſtill greater, would produce, there- 
fore, a more ſenſible attraction; and a body much 
f greater, ſuch as the whole globe, would attract 
others with a force proportionally greater; and this 
force would be, preciſely, the gravity with which 


we ſee that they are Auel impelled toward the : 
earth. 


e to this Fa then, the gravity | 


: which obliges all bodies to deſcend, is nothing elſe 
but the reſult of the attraction of the whole maſs 
of the earth. If this maſs were greater, or leſs, the 
r or weight, of bodies would be propor- . 
tionally greater or leſs. Hence it follows, that all 
the other great bodies ! in the univerſe, as the ſun, 
dle planets, and the moon, are endowed with a fi- 
milar attractive power, but greater or leſs, i in pro- 
portion as they themſelves are ſo. 


As the fun is many thouſands of times bm = 
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the earth, ſo many thouſand times. The maſs of 


the moon is calculated to be forty times leſs than 


that of the earth: it will follow, that her attrac- 


tive force i is ſo many times leſs; and the ſame rule 5 


; OY to all the heavenly bodies. 


9th September, 1760, 


werner n. 


| The ſame Sidi mi,, 


fl gravitation, each of the heavenly bodies 


=; attracts all the reſt, and is reciprocally attracted 


5 by them. 


In order to form a e of the force with 
wh theſe bodies attract the others, we have only 

to conſider two bodies, whoſe attraction i is mutual. 

And here we muſt attend to three things; firſt, to 5 
the body attracting; ; ſecondly, tothe body attracted; 

and, finally, to their diſtance ; for on theſe three 


circumſtances the attractive power depends. N= 


Let A (plate III. fig. 4.) be the attracting body, 
and B the body attracted; both of them ſpherical, - 


the . bodies being nearly of this figure. 
— Take 


chan the earth, his attractive power exceeds that of 


IN virtue of the ſyſtem of attraction, or univer- : 


„ 4 
N 1 4 
5 9 
% 
1 18 
a 7 
$ ' 
b [ * 
4 ; * 
* 1 
1 
: — U 
F A: 
F * 
| 3. 
* 
1 175 
3 + a 
Ty 1 
*&4 
£ . 
* vl 
A * 
a 4 4 0 
Z : 
* . 2 
ö . 
140 
1 N 
Z o* N 
vx 4 
* * 119 * 
4 p | ' 
1 4 k 1 L 
* N ö 
1 , = 
: G e 2 
* 
. ny 
: 1 ry 
„ 1 \ 
1 1 
? i. 
44 | 
| + 
q : 2 
\ ® x; . 
0 1 Te g 
n 
\ i "I, 
| 814 
W. 0 
, „ 
117 5 
* 4 , 
* * 
Ein. 

. Y "of 
1 N 
179 
9 8 

£133 © 
NE 14 
* * 
4 © 
: 
Wo 
1 $3-*Þ 
* = * 
1 
: ' 79, 
R * 4 4: 
T3 
pe * 
* - 
| : 
oy WW . 
13 
=» J...: 
Ir + 
N 1 
1 wh » > p 
* 
_ 1 
i » 4 
1 1 
1 : 
4 l 75 7 L 
wa "3. . 
n“ 
"7 SY 
: * 4» 
WS «a - 
ai 
1 1 
* i 
ky * 
— f 
; 5 1 
FP k 
1 3 J. 
4 V3.4 W 1 
"IS 3 
. * 
4 1 
* 4 " ” 
1 
1 
11 us 
75 5 
4 * * 
£ © 
7 : ! "os \ 
++ $1 % 
3 1 
i.» 185 
* 
3 © « 5 - 
eta 
1 _ 
. 3 4; 
* 
F. 
7 4 M1 *. 1 
b AN 
1 
F '1Þ-. 
8 * " 
. 9 5 TS 
U 
4 L WS \ 
7 . 
24 1 v os 
«5% 
11 
1 
9 i 
-3 0 A X 
ALY 5 | 
ls \ 
3 1 \ 
LY : "7 ac 
£ "%; 
1 * * F 
1 i 
* ; 
. 'K x / L 
1 
* of 5 I i 
5 
©] Ls 
be” : _— W: 
by i *, 
*, - * 89 . 
_ 
: . 
* 16 
[ 43 = % 7 
„ N 
. 
, F . 
* © 
- 
19 
4. 2 
i 
* 4 
E l 


- - . 44 - a — LS _ ny 1 — ” 
— - G * 22 2 . 1 > hd „ 
SE p . — n 
— — + 
* 5 
* 
\ q = 0 £ 
* 7 * 4 
7 TRI _ * | a — — wer _ On hg — 
* — OO ͤ ——— — 1 — ma „ . 
+ A N — b ko 32 - * - 4 > 2 - — K 
* = 
- - * - * 1 5. * 1 ** 
2 


— 2 
N — 4 


| 


h 
q | 
4 
4 
0 | 
. 
1 
; f 
; 
* | 
| | 
; 
nm 
@ | 
| 
2 
. 
S | 
K | 
B 
=. 
1 
4 
1 : 


— 
* * 
* 


% mii 


Take for their diſtance that of their centres A and 


B, that is, the ſtraight line AB. Now, with re. 
ſpect to the maſs of the attracting body A, it muſt 


be remarked, that the greater it is, the greater alſo 
will be its power to attract the body B. Conſe- 
quently, if A were twice as great as B, this laſt 
would feel an attraction, twice as powerful, exer- 
ciſed over it, by the other; if it were three times 
as great, the effect would be triple, and ſo on, 

always ſuppoſing the diſtance. of their centres to 
be the lame. 


II, chen, the earth contained more or les n matter 


than it actually does, it would attract all adjacent 
bodies, with greater or leſs force, or their weight 
would be increaſed or diminiſhed. And, as the 
earth itſelf 1 is attracted by the ſun, the ſame thing 
might be affirmed as tO it, ſhould the maſs of that 
luminary happen to. change. As to the attracted 
body B, ſuppoſing the attracting body A, and the 
N diſtance AB, to continue the fame, it is to be re- 
marked, that the greater or ſmaller j it's maſs is, the - 
ET greater or leſs, alſo, i 15 the power with which! it is 
attracted toward A. ; Thus, xt: the body B were 
twice as great, it would be attracted toward ” 
with double the force; 1 three times greater, with 
— triple the force, and ſo on. 


In order more clearly to elucidate this remark, 


we have only to ſubſſirore the earth in the place 
of the attracung body A then the force with 


which : 
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/ which the FOE'D B is attracted, is nothing elſe but | 1 
the weight of that body. Now, it is demonſtrat- Wt, 
ed, that the greater or ſmaller the body B is, the . 
greater or leſs, alſo, is it's gravity ; hence it follows, 1 
that while the attracting body A, and the diſtance, g 164 
AB continue the ſame, the attraction which B 
feels, preciſely follows the magnitude of that body. | 
To expreſs this circumſtance, mathematicians em- 
ploy the term proportional; thus they ſay, The body 
55 attracted by the body A, with a force propor- 
1 tional to its maſs; the meaning of which! is, that 
- nf the maſs of body B were twice, thrice, or four 
times greater, the attractive power would be pre- 
. ciſely.ſo many times increaſed. Thus, with reſpect . 
to the attracting body A, they ſay, that the power 
- which i it exerciſes over the body B, 1s proportional : 
0 maſs, ſo long as that of B, and the diſtance 
| A B continue the ſame. — 
N muſt farther obſerve, that a we : ſpeak of : 
= the quantity of the attracting body A, or of the 5 
; attracted body B, we mean the quantity of matter 
which each contains, and not their magnitude 1 
merely. You will recolle&, that bodies differ con- 1 
ſiderably, i in this reſpect, and that there are ſome, 
Which, in a very ſmall compals, contain a great deal i 
of matter, gold, for example, while others, ſuch as 
air, contain very little in a great ſpace. When, 
therefore, we here ſpeak of bodies, we are always 
to be underſtood as referring to the quantity 5 
R 4 matter 


248 LETTERS TO 


matter which they contain : this is what we mean 


by their maſs. 


All that now remains is, to examine the third 


circumſtance, namely, the diſtance AB of the two. 
| bodies, ſuppoſing them to continue always the 
ſame. It muſt be obſerved, that as the diſtance 
A B increaſes, the attraction diminiſhes : : and that 
as they approach nearer, it increaſes : but! in con- 
formity to a law, which 1 it 1s not ſo eaſy to expreſs. 
5 When the diſtance becomes twice as great, the 
force with which the body B is attracted toward 
the body A, will be twice two, or four times leſs; : 
7 and for triple the diſtance, the attraction becomes 
1 three times three, that 15 nine times leſs. IF the 
diſſtance becomes four times greater, the power of 
attraction becomes four times four, that is ſixteen 
: times leſs, and fo on. Finally, for a diſtance a 
hundr ed times greater, the power of attraction 
will be a hundred times a hundred, or ten thouſand 
times leſs. From this it follows, that at very great e 
; diſtances, | it mult become altogether imperceptible. 
=: And reciprocally, when the diſtance A Bis very 0 
. ſmall, the attraction may be very conſiderable, | 
though the bodies may be of r no great magnitude. = 


110% Septtember, 1560. 
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LETTER LVII. 


The ſame Subject continued. 


I HAVE now demonſtrated, that when a body 


B is attracted by a body A, the power of at- 


traction 18 proportional to the maſs of the attract- 


a ing body A, and to that of the attracted body B; 


but it depends, to ſuch a degree, on the diſtance : 
of theſe bodies, that if it ſhould become twice, 

55 thrice, four or five times greater, the power of at- 
traction would become four, nine, fixteen, or 


: tyenty- five times leſs. 


In order to aſcertain the rule of theſe quantities, 
we muſt multiply, into itſelf, the number which 
marks how many times the diſtance is increaſed, 

5 and che product will ſhew how many times leſs the oz 
4 power of attraction has become. : To put this rule . 
in it's cleareſt light, it muſt be obſerved, that when TN 
we multiply a number into itſelf, the product, 8 
ſulting from it, is called it's ſquare. Thus, to find 
ttheſe ſquares, we muſt multiply the numbers by 5 


themſelves, as below. 


3 [2] 3 
Multiplied by. I | he 
Square 5 1 | 4 3 


6 TY 


1 


19]! [2513 | 49 [64 
Multiplied by 11 Multiplied by FF 
11 — 


Square 121 pggquare 144 
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Ic is clear, from this laſt example, that the ſquare 
of number 12 is 144; and if you wiſh to know the 
ſquare of any number whatever, lay 258, you muſt 


multiply that number N itſelf, as 1n the following 
ſeparation : z 


"= 0. 
258 


9 | 


" 2064 
1290 
1 


66564 


1 From hich? we ſee, that the fins my 2 581 is 66 564; | 
and the ſquares, of all numbers whatever, may be 
: calculated i in like manner. 


As the diſtance of bodies, then, ant be mul- 


— tiplied by itſelf, it 1s evident, that the power of at- 
traction diminiſhes, as much as the ſquare of the 
| diftance increaſes : or, that the ſquare of the diſ- i 
tance becomes as many times > greater, as the power 
of attraction is diminiſhed. 


In treating ſubjects of this nature, mathemati- | 


_ cians employ expreſſions, whoſe ſignification it is 
| proper you ſhould know, becauſe they ſometimes 
cod ccur in the courſe of converſation. If the attrac- _ 
tive power increaſed i in proportion to the ſquare . 
the diſtance, we would call it 7 oportionally to the 7 
= ſquare of the diſtance ; but as the direct contrary | 


8 = 5 — takes 
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takes place, and as the attractive power diminiſhes 

as the ſquare of the diſtance increaſes, we employ 

the term retiprocally, to expreſs this contrariety, 
ſaying, that the power is W proportional 
to the ſquare of the diſtance *. It ; 15 a geometri- 
cal mode of expreſſion, the meaning of which you 
perfectly comprehend, and it refers to what I have 
juſt been attempting to explain. 

In order to judge aright of the power which one 
body exerciſes over another, you have only to re- 
mark, that this power is, firſt of all, proportional 

do the maſs of the attracting body: then, to that 
of the body attracted; and finally, reciprocally to 
the ſquare of their diſtance. : Hence, it is evident, 
that though the earth, and the other planets, are 
likewiſe attracted toward the fixed ſtars, this power 
muſt be imperceptible, on account of their Wo 
you diſtance. IEG. 
_ Suppoſing, therefore, the maſs of a bred ſar to 
. be equal to that of the ſun, at equal diſtances, the 
earth would be attracted toward it, with a force as 
5 great as toward the ſun; + but as the diſtance of 
the fixed ſtar is 400,000 times greater. than that 
of the ſun, the ſquare of this number being 

160, 000, „oo, ooo, that 18. FU hundred and fixty 

thouſand millions, the power with which it acts 
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* Tt is more cuſtomary to ſay, that attraction is in the direct : 
Tatio of the maſles of the attracting and attracted bodies; and in 
the inverſe ratio of the ſquare of their diſtance.—F. E. . 
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upon our globe, is a hundred and ſixty thouſand 
millions of times leſs than that of the fun; and 
conſequently, too feeble to produce any . | 
effect. For this reaſon, the attractive power of 
the fixed ſtars does not at all affect the earth's mo- 
tion, nor that of the planets and the moon; but 


"Ei that of the ſun which chiefly regulates their 


| motions, becauſe his maſs exceeds many thouſands 
of times the maſs of each planet. 185 
When, however, two planets approach, ſo that 
choir diſtance becomes leſs than that of the fun, 
their attraQive power increaſes, and may become 
| ſufficiently perceptible to derange their motion. 
Such derangement has, in fact, been obſerved ; and 
conſtitutes an irreſiſtible. proof of the ſyſtem of 
univerſal gravitation. Accordingly, when a comet 
approaches very near to a planet, the motion of 


Et ” this laſt may be conſiderably affected d by it. 


4 298 onen, I 1766, 
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LETTER LVII. 


Motion of the heavenly Bodies. Method of determining 
it by the Laws of univerſal Gravitation. 


IRON what has Pen faid, . the 
1. power by which all che heavenly bodies mu- 
a raally attract each other, proportionally to their 


maſs and diſtance, you are enabled to compre- 


hend, how their motions may be determined, and 
ble real place of each body, at any given time, ace 
oh, curately aſhgned. > 55 

In this aſtronomy conſiſts; the object of whichisan | | 
exact knowledge of the motions of the heavenly bo- 
dies, in order to be able to determine, for every in- 

ſtant oft time, whether paſt c or to come, the place in 

_ which each of them muſt be, and i in what place of : 
the heav ens it muſt appear, whether viewed from the 

1 earth, or any other point whatever of the univerſe. | 

| The ſcience which treats of motion in general, 
+ is named mechanics, or dynamics. Is object is to 
: determine the motion of all bodies whatever, ani- 

3 mated by whatever power. This ſcience conſti- 
tutes one of the principal branches of mathema- 
tics; and thoſe who apply to it, exert all their ef. 

forts to carry mechanics to the higheſt poſſible de- 


gree of perfection. The ſubje ot about which this 


ſcience 
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ſcience is converſant, are, however, fo intricate, 
| that there is hitherto no great ground of boaſting 
of our progreſs i in the inveſtigation of them; and 
we muſt reſt ſatisfied with advancing ſtep by ſtep. 
Not many years are elapſed ſince we began to make 
any progrefs at all in this career, and what has 
been done is chiefly to be aſcribed to the academy 
of ſciences at Paris, which propoſes annual prizes 
to the beſt proficients in the Proſecution of this 
ſcience. 15 
= The greateſt difficulty alt from the number * 
powers which act upon the heavenly bodies. If 
cach of theſe were attracted toward only one fi ingle . 
point, there would be very little difficulty ; in the 
ü way; and the great Newton, who died in 1728, 
Vas the firſt who gave a complete demonſtration 


| ET. of the motion of two bodies which have i mutual 
„ attraction, i in conformity to che law which I have 
laid down. In virtue of this law, were the earth 
attracted toward the ſun only, we ſhould be able 


TS perfectly, without reſearch, to determine i its mo- 


5 tion. The ſame thing would apply to the other 
planets, | Saturn, Jupiter, Mars, Venus, and Mer- 


cury, if they were attracted only by the ſun. But 

| the earth being attracted, not only by him, but by 
all the other heavenly bodies, the queſtion be- 
comes inſinitely more complex and difficult, from 

1 5 che great diverſity of Powers to which we muſt pay 
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attention x. You may neglect, however, the powers 
with which it is attracted toward the fixed ſtars, 
becauſe, however enormous their maſſes may be, 
they are ſo prodigiouſiy diſtant, that the power 
which they exerciſe upon the earth, may be con- 
ſidered as Juſt nothing. 
| The motion of the earth, therefore, and of the 
other planets, will always be as perfectly the ſame, 
as if the fixed ſtars did not exiſt. Excepting, 
| then, the power of the ſun, we have only to con- 
ſider the power with which the planets mutually 
attract each other. Now, theſe powers are ex- 
tremely ſmall, compared to thoſe by which each 
planet 1 is attracted toward the ſun, becauſe the maſs 
of the ſun is much greater than that of each planet. 
As, however, theſe powers increaſe according as 
the diſtances diminiſh, ſo that a power four times 
greater correſponds to a diſtance twice leſs; anda 
power nine times leſs correſponds to a diſtance 
three times greater, and ſo on, according to the 
9 ſquares of the numbers, as 1 explained the ſubje& 
in the preceding letter, it might be . for 
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» They are ulually eie by three and three; that i is, the 

effect reſulting from the attraction of two bodies upon a third is 

| ſought. This celebrated problem, known by the name of the 
: problem of three bodies, has been an object of the reſearches of 
all the great geometricians of our age; and though it has hi- 
therto been reſolved only by an pproximation to the truth, the 
maoſt fortunate applications have, however, been made, ſuch as 


the theory of the moon, that of Jupiter, of Saturn, cc. F. E. 
| wo 
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5 two planets to approach ſo near, that their attrac- 
tive power ſhould become equal to that of the ſun, 


nay, greatly exceed it. 
Fortunately, this never takes place in our ſyſ- 


tem, and the planets always remain at ſuch a diſ- 


tance from each other, that their attractive power 


is ever incomparably ſmaller than that of the ſun. 
For this reaſon, without extending our views be- 
yond what is thus certainly known, we may con- 
ſider every planet as attracted only by the power 
of the ſun, and by that it is eaſy to determine its 
motion. This, however, can take place, only 
when we are diſpoſed to reſt ſatisfied with a reſult 
near the truth ; for if we wiſh to have more exact 
information, we muſt attend to thoſe feebler powers 
5 with which the planets act upon each Other; 
powers which really produce the little irregularities 
clearly obſerved by aſtronomers; and to the at- 
tainment of the perfect knowledge of theſe, is di- 


| rected all the ſagacity of both aſtronomers and 1 
geometricians. : 


— "BY th September, 1760. 


LETTER 


A GERMAN PRINCESS, 257 


LETTER I 


. of the NO 5 _ 


IN order the more clearly to elde what 1 
have been advancing reſpecting the motion of 
the heavenly bodies, and the powers which pro- 
duce it, permit me to preſent to you, ( plate IV. 
Fg. 1.) the ſyſtem of the univerſe, or a deſcription 
of the heavenly bodies which compoſe it. 
Me muſt, firſt of all, obſerve, that the fixed ſtars 
are bodies entirely ſimilar to the ſun, and luminous C2 nt 
of themſelves ; ; that they are at a very great diſtan de 
from that luminary; and alſo very diſtant from | N 
each other, and that every one of them is, per- 
haps, of equal magnitude with the ſun. You are 
already informed, that the fixed ſtar neareſt to us, 
is at leaſt 400, 090 times more diſtant than the 
ſun Each of the fixed ſtars ſeems defi gned to 
communicate light and heat, to a certain number, 
of opaque bodies, ſimilar to our earth, and, un- 
_ doubtedly, inhabited likewiſe, placed near them, 
but which we cannot ſee, on account of their Pro- 
digious diſtance. _ 5 
_ Though it is impoſſible to ) aſcertain this by ac- 
tual obſervations, we muſt conclude | it, from their 
analogy to the ſun, Who ſerves to warm and to il- 
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luminate the earth and the other planets. We 
know, particularly, fix of theſe bodies; they are 
not in a ſtate of reſt, but each of them moves 


round the ſun, in the direction of a curve line, 
ſomewhat different from a circle, and which is cal- 
led the planet's orbit. The ſun himfelf is, nearly, 
in a ſtate of reſt, as well as all the fixed ſtars ; the 


motion which they appear to have, being entirely 5 
owing to that of the earth. | 


TI have, accordingly, repreſented on the annexcd 


1 ſheet, what i 18 called the ſolar ſyſtem, which con- 
tains all the opaque bodies that move round the 
ſun, and derive from him all the benefits which he 85 
imparts tous. This fign 5 {plate IV. fig. 1.) re- 
preſents the ſun at reſt. You ſee, beſides, fix 
_ concentric circles, repreſenting the orbits. de- 
ſcribed by 1 the planets 1 in their motion round him. 


That neareſt to the ſun 1 1s Mercury, marked by 


the fign v, and the black dot you fee in the orbit 
| repreſents the body of Mercury, who performs his 
revolution round the ſun in about 88 day "RE 


Next comes Venus, marked by L, who com- 


; ales. a revolution round the ſun i in ſeven months - 
nearly: . 


The dnl circle is s the orbit oſ che earth, mark- 6 


ed by the ſign 8, and which completes a revolu- ; 
tion round the . in a year. We have no other 
meaning, in truth, to the word year, but the time 
employed by the earth 1 in performing a revolution 


round 
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round the ſun; and the duration of the common 
year nearly approaches to this ſolar year. 


But while the earth is moving round the ſun, 
there is another body moving round the earth, and 


keeping the direction of its orbit; this is the moon, 
| whoſe own circle, or orbit, is marked by 9. 
The two firſt planets, Mercury and Venus, have 


no viſible bodies which attend them; neither has 
Mars 5, which is the fourth, and performs his re- 


volution | in about two years. 
7 The fifth circle is the orbit of Jupiter, marked: 
by 2, who performs his revolution in twelve years 


nearly. Round him move four ſatellites, repre- 
| ſented in the plate, with their orbits, and marked : 


8 by the figures 1, 2, 35 4. 


Finally, the ſixth and laſt circle is ; the orbit of 
Saturn, marked thus, h. who employs almoſt thirty 


years in performing one revolution round the ſun. 


This planet 1 1s attended, in his courſe, by five fatel- 
lites, marked by the figures I; 43 3s 43 5· Thus, 
then, the ſolar ſyſtem conſiſts of ſix primary pla- 


nets, Mercury 8 „ Venus 2, the earth 8 „Mars &, 


Jupiter 2, Saturn h, and ten ſecondary planets or 
ſatellites, namely, the moon, the four attendants of 


- Jupiter, and the five of Saturn * *. 


* To this enumeration muſt now by added, the PR Ado 
vered at Bath the 17th of March, 1781, by Mr. Herſchel, and 
taken at firſt for a comet. It is more diſtant from the ſun than 
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5 circumſeribing all the others. The period of its revolution 1s 


announces the per fection both of the inſtruments, and of the 
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This ſyſtem contains, beſides, ſeveral comets, 
the number of which is unknown. The figure on 
the plate repreſents one of them, whoſe orbit dif- 
fers from that of the planets, becauſe it is drawn 
out into extreme length, ſo that a comet ſome- 
times approaches very near to the ſun, and ſome- 

times removes to ſuch an immenſe diſtance, as en- 

- tirely to diſappear. Of comets it has been remark- 
ed, that one finiſhes his revolutions i in his orbit, 

3. about xy yearn: ; this i is the one that was viſible - 


1 


= Saturn, 290 its orbit muſt be repreſented by A Gent: circle, — | 


about 83 years. Tables of its motion have been conſtructed, 
: which repreſent already the obſervations with an exactneſs, that 


method of calculation. 5 
It is admitted, that this ſtar was Gow in 17 56, in the month 1 
5 oy” September, by Mr. Mayer, of Gottingen ; but that aſtrono- 
mer took it for a fixed ſtar, and having obſerved it only once, 
he could not aſcertain its motion : his Jeteravination agrees in - 
: other reſpects, with the place which the tables aſſign to the pla- 
net of Mr. Her/c Lel, for that epoch, It bears the name of the Vi 
1 ſon who diſcovered it. 
The mean diſtances of the planets from the fun, may be thus f 
relpectively expreſſed : that of Mercury by 4, that of Venus by 
: 7, that of the earth by 10, that of Mars by 15, that of Jupiter 
by 52, that of Satur n by 95 55 and, finally, that of the planet Her- 
| Jewel (a) by 191—F. „ 


(a) In compliment to his NO King George III. Mr. 1 | 
named his recently diſcovered planet Georgium Sidus. The republican 
Condorcet, in contempt of Kings, gives it the name of the Diſco- 
verer E. E. | ; 2 
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laſt year. As to the other comets, it is certain, 
that they employ ſeveral centuries in l 
one revolution in their orbits; and as, in paſt ages, 
no exact obſervations were made of them, we are 

totally in the dark with reſpect to their return. Of 
cheſe, then, conſiſts the ſolar ſyſtem; and, moſt 
probably, every fixed ſtar has one ſimilar to it 9; 
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N. 404 to what I have faid reſpedtiog the 
: . ſolar ſyſtem, I muſt communicate ſome obſer- 
vations for the explanation of the figures. | And, 
firſt, it muſt be remarked, that the lines which 
- mark the paths in which che planets move, have 
no real exiſtence irf the heavens, as the whole im. 
menſity of ſpace in which they move is a vacuum, 
or rather filled with that ſubtile matter which we 
| call the ether, and which I have: already ſo olten 
: mentioned, 
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* As expect about 1790 the comet obſerved == 
1531, and in 1661, which they believe to be the ſame ſtar, and 
the £590 of which appears to be about 130 RS — 
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Again, the orbits of the planets are not all in 
the ſame plane, as the figure preſents them : but 
if the orbit which the earth deſcribes round the 

N ſun, is properly repreſented on the paper, we muſt 

1 imagine the orbits of the five other planets to be 

partly elevated, and partly depreſſed, with refe- 
rence to it; or, that the orbit of each planet bears 

upon it an oblique direction, making an interſec- 

tion with the paper, under a certain angle, which 4 
it is impoſſible to repreſent 1 in a Hgure drawn upon 


2, 3 


Farther, che orbits of the planets : are not circles, 


as the figure appears to indicate, but rather ſome- 


what oval, one more, another leſs ſo; no one, how- Fe 


4 ever, recedes very conſiderably from the circular oh 


form. The orbit of Venus is almoſt a perfect 
circle; but thoſe of the other planets are more 
or leſs extended lengthwiſe, ſo that theſe planets 
are ſometimes nearer to che ſun, ſometimes farther = 
off. „„ 
- = The bit of comets are particularly diftin- 
alda, being greatly extended in length, as I 
have repreſented it in the figure. As to the moon, 5 
and the ſatellites of Jopiter and Saturn, their or- 
= bits, too, are nearly circular, 


Neither muſt we conceive them as moving Is. 


one and the ſame direction, as they appear on the 
plane of the paper; for they do not remain in the 

| Tame place, but are themſelves carried round the 
ſur, 
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ſun along with the primary planet to which they 
belong. It 1s thus we muſt underſtand the lines 
repreſented in the figure. Imagination muſt ſup- 
ply what it is impoſſible, on a plane ſurface, accu- 
rately to exhibit. 

' You are now enabled to comprehend, with eaſe, 


what the late Mr. de Fontenelle meant to diſplay, in 


his book on the plurality of worlds. The earth, 


with its inhabitants, is ſometimes denominated a 


world; and every planet, nay, every one of the ſa- 


tellites, has an equal right to the ſame appellation, N 
it being highly probable, that each of theſe bodies 


is inhabited as well as the earth. 


There are ſixteen worlds, then, in the folar — 


; tem alone. . And every fixed ſtar being a ſun, 


ü round which a certain number of planets perform 


5 their revolutions, and of which ſome have, un- 


doubtedly, their ſatellites, we have an almoſt infi- 6 
' nite number of worlds, ſimilar to our earth, con- 

| ſidering, that the number of ſtars, perceptible to 
the unaſſiſted eye, exceeds ſome thouſands, and 
that the teleſcope diſcovers to us an incomparably 


greater number. . 


If it is meant to comprehend. under the n name of : 
world the ſun, with the planets and their ſatellites, 
and which derive heat and light from him, we 
ſhall have as many worlds as there are fixed ſtars. 
But if by the term world, we underſtand the earth, . 
With all the beavenly bodies, or all the beings 
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which were created at once, it is clear that there 
can be but one world, to which we refer every 
| thing that exiſts, Ic is in this ſenſe the term world 
18 employed in philoſophy, particularly in meta- 
phyſics; ; it is in this ſenſe we ſay, that there is but 
one world, the aſſemblage of all created beings, 
paſt, as well as preſent, and future, whole exiſtence 
Sf ſubject to general „ 5 
When, therefore, philoſophers diſpute; whether 
our world is the belt or not, they proceed on the 
ſuppoſition of a plurality of worlds; and ſome 
maintain, that the one which exiſts, is the beſt or - 
5 all thoſe which could have exiſted. Ti hey conſi der 
the Deity as an architect, who, intending to create 


this world, traced ſeveral different plans, of which ” 


he ſele&ed the beſt, or that in which the greateſt 
ö perfections were all combined, in the higheſt de- 
gree, and executed it in preference to all the others. 
But the great quantity of evil that prevails, and 
18 diffuſed over the ſurface of our globe, and which = 
flows from the wickedneſs of man, ſuggeſts an im- 
portaat enquiry, namely, Whether it would have 
been poſſible to create a world, wholly exempted 1 


= from theſe evils ? 


In my opinion, a diſtin; ion muſt be carefully 
made, between the plans « of a world, which ſhould 

contain corporeal ſubſtances only, and thoſe of an- 
other world, Which ef hould contain beings intelli— 
gent and free. In the former caſe, the choice of 


the 
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the beſt, would be involved in very little diff 
culty ; but 1 in the other, where beings intelligent 
and free conſtitute the prin«.inal part of the world, 
the determinati on of what is beſt is infinitely be- 


yond our capacity; an! even the wickedneſs of 


free agents may contribute to the perfection of the 


5 world 1 in a manner * nich we are unable to compre- 


hend. 


It would appear, that philoſophers have not 
been ſufficient: v attentive to this diſtinction, how- 
ever effential | it may be. But I am too ſenſible of = 
my own incapacity, to enter any deeper into this 5 


dificult queſtion, 


| 19th September, 1b. 


LE T TER LIXL _ 


Small Irregular ities 11 155 Motions ; the Planets, 
cat ied by th their mutual Attraftion. 1 


frellites of Jupiter, and the five of Saturn. 


— * — * +, — 4 5 . — 


TN 1 to 8 the motion of the bodies 
which compoſe the ſolar ſyſtem, it is neceſſary 
10 o diſting; iſh the pri mary planets, which are Mer- 
cury, Venus, the Earth, Mars, Jupiter, and Saturn, 
from their ſatellites, namely, the moon, the four 
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It has been explained to you, that theſe fix pla- 
nets are principally attracted toward the ſun, or, 
that the force with which they are impelled toward 
him, 1s incomparably greater, than the powers 
which they exert one upon another, becauſe his 
maſs is incomparably greater than that of the pla- 
nets, and becauſe they never ſufficiently approach 
to each other to render their reciprocal attraction ; 
very conſiderable. Were they attracted only to- 
ward the ſun, their motion would be ſufficiently 
regular, and eaſily determined. But the feebler 
| powers of which I have been ſpeaking, occaſion 
| ſome flight irregularities 1 in their motion, which = 
| aſtronomers are eager to diſcover, and which geo- : 
metricians endeavour to determine, on the prin- > 
ciples of motion. 
An important queſtion i is here agitated, namely, 
The powers which act upon a body being known, how 
to find the motion of that body. Now, upon the 9 
: principles above laid down, we are acquainted with | 
| the powers, to the influence of which every planct | 
is ſubjected. Thus the motion of the earth is 
ſomewhat affected; firſt, by the attraction of Ve- 5 


nus, which ſometimes paſſes very near it; and, ſe- : 


condly, by that of jupiter, which, on account of 
the prodigious maſs of this planet, becomes conſi- 
derable, though he be always at a great diſtance. 
The maſs of Mars is too ſmall to produce any per- 
| ceptible effect, though he is ſometimes very near 
07; 
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us; and inn though his maſs be the greateſt, 
next to that of Jupiter, is too diſtant. 
The moon, though her maſs be very ſmall, pro- 


duces, however, ſome derangement, from her be- 


ing very near the earth. The comet, which ap- 
peared laſt year, was ſeven times nearer to us than 


the ſun, when his diſtance was ſmalleſt ; there is a 
great degree of probability, therefore, that it may 


have deranged the earth's motion, eſpecially if his 


maſs was conſiderable, a circumſtance with which 
we are not acquainted. If this comet were as 
great as the earth, the effect muſt have been very | 
. conſiderable; but its apparent ſmallneſs induces - 
me to believe, that its maſs is much leſs than that - 
5 of the earth, and, conſequently, i its effect muſt have . 
been proportionally leſs. When we ſaw this co- 
met, however, it had got to a great diſtance; * 
the time when it was neareſt, it was inviſible to us, L 
but it muſt have appeared "my brilliant to our an- 


| tipodes. 


What has been ald, reſpecting che derangements 

| occaſioned in the earth's motion, takes place like- 

viſe in the other planets, regard being had to their . 
maſs, and to their proximity. As to the moon, 
and the other ſecondary planets, the principle of 
their motion is ſomewhat different. The moon is 

ſo near the earth, that the attraction ſhe feels from 

hence greatly exceeds that of the ſun, though the 


maſs of this luminary be many thouſands of times 


greater | 
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greater than that of the earth. Hence it is, that 
the motion of the moon follows that of the earth, 

and that ſhe remains, as it were, attached to it, 
which makes the moon to be conſidered as a ſatel- 
lite to our planet. ä 
| Had the moon been placed much farther from 
us, and had ſhe been attracted leſs toward the. earth 
than toward the ſun, ſhe would have become a pri- 
mary planet, and performed her own revolutions 


round the ſun; but ſhe is 300 times nearer us than 


ſhe i is to the ſun; hence i it is evident, that he muſt 
exerciſe ; a much feebler influence upon her than the 
earth does, The moon being principally attracted 


by two bodies, the ſun and the earth, it is evident 


that the determination of her motion, muſt be 
much more difficult than that of the primary pla- 
nets, which are ſubject to the attraction of the ſun 
only, excepting the ſlight derangements which 
have been mentioned. The motion of the moon 
has, accordingly, in all ages, greatly embarraſſed 
. philoſophers ; and never have they been able to aſ- 


2 — certain, for an future given time , th 1e exact place 
1 the moon in the heavens. 


Lou perfectly comprehend, chat in N to pre- | 
dic an eclipſe, whether of the moon or of the ſun, 

95 we muſt be able accurately to aſcertain the moon's 
place. Now, in calculating e eclipſes, formerly, 

there was frequently a miſtake of an hour or more: 


the eclipſe actually taking place an hour earlier _— 


later 


A GERMAN PRINcESssS»•. 2069 


later than the calculation. Whatever pains the an- 
cient aſtronomers took to determine the moon's: 
motion, they. were always very . wide of the truth. 
It was not till the great Newron diſcovered the real 
powers which act upon the moon, that we began 
to approach nearer and nearer to truth, after hav- 
ing ſurmounted many obſtacles which retarded our 
progreſs. | . 4 
1 too have employed much time and attention. 
on the ſubject; and Mr. Meyer, of Gottingen, pur- 
ſuing the track which I had opened, has arrived at 
a degree. of preciſion, beyond which 1 it is perhaps . 
impoſſible | to go. Not much more, then, than ten 
years have elapſed ſince we could boaſt of any 
thing like accurate knowledge of the moon's mo- 
tion. Since that time we are able to calculate 
eclipſes ſo exactly, as not to make the miſtake of a 
ſingle minute, whereas, before, there was frequently 
the difference of eight minutes, and more. To ana- 
lyſis, then, we are indebted for this i important dif- 
covery, the ſource of unſpeakable advantages, not 
to the aſtronomer only, but likewiſe to the geogra- 
; pher, and the navigator. „ 
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LETTER IXI. 


e "we Far and — of the Sea. 


HE attractive power of the n bodies 
extends, not only to the maſs of the earth, 


but to all the parts of which it is compoſed. Thus 
all the bodies, which we ſee on the furface of the 
| earth, are attracted, not only toward the earth it- 
elf, from which reſults their gravity, and the weight 
of every one in particular, but, likewiſe, toward 
the ſun, and toward all the other heavenly bodies, 


and that more or leſs, according to the maſs of 
theſe bodies and their diſtance., 


Now, it is evident, that the force with which 3 


body, ſay a ſtone, is attracted toward the earth, 
muſt be incomparably greater than that with which 
the ſame body is attracted toward the ſun, the other 
planets, and the moon, becauſe of their great Gif. 
-- "Tance.. Such a body, being at a diſtance from the 
centre of the earth, equal toa radius of this globe, 
"if 60 times farther from the moon. "Though, then, 
the maſs of the moon were equal to that of the 
earth, the attraction toward the moon would be 60 


times 60, that Is 3600 times leſs than the attrac- 


tion toward the earth, or, the gravity of the body. 
But, the maſs of the moon is about 7⁰ times leſs 


than 


A GERMAN PRINCESS, - "72 


than that of the earth; hence tlie attractive power 


of the moon becomes ſtill 70 times 3600, that is, 
252,000 times leſs than the gravity of the body. 


Again, though the ſun be many thouſands of 


times greater than the earth, he 15 about 24,000 
times more diſtant from us, than the centre of the 


earth ; and for this reaſon, the attraction of the ſun 5 
upon a ſtone is extremely ſmall, compared to it's 


gravity. Hence you ſee, that the gravity of ter- 
reſtrial bodies, which is nothing elſe but the force 
with which they are attracted toward the earth, 


cannot be perceptibly affected by the attraction of 


the heavenly bodies. 


Though this attraction, however, be very incon- 
fiderable, there reſults from it a remarkable phe- 
nomenon, which long puzzled philoſophers; . 
mean the flux and the reflux of the ſea. It occurs ſo 
frequently, even in common converſation, that it 
is almoſt a matter of neceſſity to underſtand it. 
For this reaſon, 1 propoſe to explain more minutely, 5 
this ſingular phenomenon, and to unfold the cauſes 5 


which produce it. 


1 begin, then, with the deſcription of the well- 
known phenomenon, of the flux and reflux of the 
fea, Hardly any one is ignorant, that by far the 
greateſt part of the ſurface of our globe is covered 
with a maſs of water, called the Sea, or the Ocean. 58 


This immenſe fluid maſs is very different from 


rivers and lakes, which, according to the different 


ſeaſons 
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ſeaſons of the year, contain, ſometimes, leſs water, 

ſometimes more, whereas, in the ſea, the quantity 

of water, at all times, continues nearly the ſame, 

It is, however, obſerved, that the water of the ſea 

riſes and falls alternately, with wonderful regu- 

1 larity, twice every twenty-four hours. 
11, for inſtance, 1 in a harbour, the water 18 now 

at it's greateſt height, it will preſently begin to 

ſubſide, and this decreaſe continues for ſix hours, 
at the end of which, it's depth will be at the loweſt, 
It then begins again to riſe, and the increaſe, like- 5 
wiſe, laſts fix hours, when it is again at it's greateſt 
depth. It immediately begins again to, fall for ſix 
hours, and then riſes as many, ſo that in the { pace of 
i about 24 hours, the water riſes and falls twice; and 5 

— arrives, alternately, atit's greateſt and leaſt depth. 
It is this alternate increaſe, and diminution of 
the water of the ſea, which we call it's aur and re. 
Au, or it's flowing and ebbing : and more parti- 9 5 
> cularly, the flux denotes the time, during which it 
| increaſes. or riſes, and the reflux, the time of it's 
decreaſe or falling. The flux and reflux together, 
5 likewiſe,; go by the name of tide. This alternation, 
f then, i is to be the ie of our preſent diſquiſition. 
55 firſt of all, to be remarked, that the dif- 
ference between 1 and fa ling, keeps pace: with | 
the variations of the moon. Art full, and ne 
moon, the water riſes higher than at the quarters 
and about the time of the vernal, and autumnal 


equinoxes, 
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equinoxes, in the months of March and Septem- 
ber, this alternate motion of the ſea is moſt conſi- 
derable. A great difference is, likewiſe, obſerved, 
| according to the ſituation of the coaſts. The flux, 
in ſome places, i is never more than a few feet, while, 
in others, the riſe is 40 feet and upwards. Such 
are the tides 1 in the ports of St. Malo, in F rance, 
and of Briffol, in England. 
5 N farther to be remarked, that this phenome- 
non is perceptible, chiefly, in the ocean, where 
there is a vaſt extent of water, and that in ſeas = 
| bounded and confined, ſuch as the Baltic, and the 
Mediterranean, it is much leſs conſiderable. The 
interval, from the flux to the ſucceeding reflux, f is 
not exactly fix hours, but about 11 minutes more; 
ſo that the ſame changes do not take place, the day 
= after, at the ſame hour, but fall out about three 
5 quarters of an hour later: : lo that a revolution of 
30 days is requiſite, to bring them round to the 
ſame hour; now, this! is preciſely the period of one 
7 revolution of the moon, or the interval, between 
one new moon, and that which immediately follows. ; 
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courſe, at chat time low. It is an error, therefore, 5 
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LETTER LXII. 


Diff ent Opinions of Phils ebert, repeating the} Flux | 
and — 4 lle Sea. 9 9 


HEN Fe water of the ſea er at any place, 
_ we are not to Imagine, that it ſwells from 
any i internal cauſe, as milk does, when put in a vef- 
. ſel upon the fire. The elevation of the ſea i is pro- 
duced by 4 real increaſe of water, flowing hither 
fi om ſome other place. Ii is a real current, which 
is very perceptible : at fea, « conveying the waters to- : 
15 ward the place where the flux i = 


In order to have a clearer comprehenſion of this, 


you muſt conſider, that in the vaſt extent of the 


ocean, there are always places where the water is 


low, while it is high at others; and chat! it is con- 

veyed from the former to the latter. When the 

* ater riſes at any place, there! is always a current, 
| conveying it from other places, where it js, of 


to imagine, with ſome; authors, that during the flux | 
bol the ſea, the total maſs of water becomes greater, 
| and that it diminiſhes during the reflux. The en- 
tire maſs, or bulk of water, remains ever the ſame; 
but it. is ſubject to a perpetual oſcillation, by which 
the water is alternately tranſported from certain re- 


en 


A GERMAN inen 275 


_ gions to others; and when the water is high at any 


equal to the decreaſe at thoſe where it is low. 


Such are the phenomena of the flux and reflux 
of the ſea, the cauſe of which ancient philoſophers 
endeavoured to diſcover, but in vain. Kepler, in 
other reſpects, a 2a great aſtronomer, and the orna- 

ment of Germany, believed that the earth, as well 
as all the heavenly bodies, was a real living animal, ; 

and conſidered the flux and reflux of the ſea, as 

_ the effect of it's reſpiration. According to this 
; philoſopher, men and beafts were juſt like inſets, 
feeding on the back of the huge animal. You will _ 
hardly expect, 1 ſhould 8⁰ into che refutation of - 


an opinion ſo ridiculous. | 


Deſcartes, that great F rench philoſopher, den. . 
voured to introduce a more rational pbiloſophy; ; 

and remarked, that the flux and reflux of the ſea, 
was principally regulated by the moon's motion; 
which was, indeed, a very important diſcovery, 195 
= though the ancients had already ſuſpected: a connec- - 

b tion between theſe two. phenomena. For if high „ 
water, or the top of the flux, happen to-day at 


oon, it will be low water at 1 1 minutes after ſix 


in the evening: it will riſe till 22. minutes after 
midnight; and the next low water will be 33 
minutes after fix in the morning of the day after; 
and the enſuing high water, Or flux, will be three 
1 * quarters 


place, it is, of courſe, low ſomewhere elſe, ſo that 
the increaſe, at places where it is high, is preciſely 
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quarters of an hour after noon : ſo that from one 


quarters of an hour. 
And as the ſame thing, preciſely, takes place i in 


the moon's motion, which riſes always three quar- 
ters of an hour later than the preceding day, it 
Was preſumable, that the tides followed the courſe 
of the moon. If at any given place, for example, 
on the day of new moon, high water happen to be 
at three of the clock, afternoon, you could reſt aſ· 
ſured, that ever after, on the firſt day of the moon, 

the flux would, invariably, be at the height at three 

o'clock afternoon, and that every following day i it 
would fall later, by three quarters of an hour. 


Again, not only the time, when every flux and | 


_ reflux happen, exactly follows the moon, but the 
ftrength of the tides, which is variable, appears 
till to depend on the poſition of the moon. They 5 
7 are every where ftronger, after the new and full 
moon, that is, at theſe periods, the elevation of the 
water is greater than at other times; and after the 5 
| firſt and laſt quarters, the elevation of the water, 1 
1 during the flux, is ſmaller. This wonderful .. 
i mony between the tides, and the motion of the 


moon, was, undoubtedly, ſufficient ground to con- 


clude, that the chief cauſe of the flux and reflux 


of the ſea, was to be ſought for in the action of 
the moon. 


Deſca. tes, accordingly, believed, that the moon, 


* 
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in paſſing over us, preſſed the atmoſphere, or the 


air which ſurrounds the earth, and that the air 


preſſing on the water, in it's turn, forced it to ſub- 


fide. Had this been the caſe, the water muſt have 


been depreſſed at the places over which the moon 


was, and that the ſame effect ſhould be produced 
12 hours after, in the enſuing tide ; which, how- 
ever, does not happen. | Beſides, the moon is too 
diſtant from the earth, and the atmoſphere too low 
to be impreſſed by the moon; and admitting, that 
the moon, or any other great body, were to paſs 
] along the atmoſphere, it would be very far from 

undergoing any preſſure from it, and ſtill leſs would 


che ſea feel this pretended preſſure. 


--- Tha attempt of Deſcurtes, to explain the flux 
and reflux of the ſea, has, therefore, failed ; but 
| the connection of this phenomenon with the moon . 
motion, which this philoſopher has ſo clearly un. 
folded, enabled his ſucceſſors to employ the appli- 
cation of their reſearches with more ſucceſs. This 
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I. E T TER LXIV. 


| Erplanatio of the Flux and Reflux, from the allrac- 
tive Power of the Moon. 


\ ESCARTES's method of explaining 1 the flux 
and reflux of the ſea, by the prefſure of the f 
moon upon our atmoſphere, not haying ſucceeded, 
it was reaſonable to look for the cauſe of 1 it, in the 
attraction which the moon exerciſes upon the 
earth, and, conſequently, alſo upon the ſea. 
i The attractive power of the heavenly bodies 
having been already ſufficiently eſtabliſhed, by ſo 
many other phenomena, as I have ſhewn, it could 
not be doubted that the flux and reflux of the ſea 5 
= muſt be an effect of it. As ſoon as it is demon- 
: ſtrated, that the moon, as well as the other heavenly 
bodies, is endowed with the property of attracting 5 
all bodies, in the direct ratio of their maſs, and in 
the inverſe ratio of the ſquare | of their diſtance, i * 
1 eaſily comprehended, that its action muſt extend | 
to the ſea; and the more ſo, as you muſt frequently 
have obſerved, that the ſmalleſt force 1s capable 
of agitating a fluid. All that remains, therefore, 
is to enquire, whether the attractive power of the 
moon, ſuch as we ſuppoſe | it, is capable of pro- _ 


ducing, 
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ducing, in the fea, the agitation known to us by 
the name of flux and reflux. 


Let the annexed figure (plate III. Ag. 5. ) repre- 
ſent the earth and the moon. A is the place where 


we ſee the moon oven the earth; B that which i is 
directly oppoſite, or the antipodes of A; and C is 
the centre of the earth. As the point A is nearer 
the moon than the point B, a body at A is more 


5 powerfully attracted toward the moon, than a ſimi 


lar body at B. And if we ſuppoſe a third ſimilar | 
body to be placed at the centre of the earth C, * 


8.8 evident that the body A will be more power- 


fully attracted toward the moon than the body C, 


and this laſt than the body B, becauſe the body A. 
is nearer to the moon, and the body B more 1 
| mote, than the body | a But ſimilar bodies placed 15 
at E and F, are almoſt as much attracted by the 
| moon, as chat which is at the centre of the earth C 
| as they are all three nearly equi- diſtant from the 


Moon. 


Hence we ſee, that bodies placed o on the ſarface 
- of the earth are not all equally attracted toward 
the moon. This inequality of attraction depends 
on the inequality of their diſtance from the centre 
of the moon L, ſo that al body i is ſo much the more 
powerfully attracted by the moon, as its diſtance 
is leſs; and the contrary takes Place, according as 


the diſtance i is greater. 


To theſe differences in the action of the moon, 
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on bodies differently ſituated, we muſt here chiefly 
pay attention; for if all bodies were equally at- 
tracted toward the moon, they would equally obey 


this power, and no derangement could take place 


in their mutual ſituation. 


| You can eaſily form the idea of ſeveral carriages 


drawn along by powers perfectly equal; they will 
proceed on the road, always preſerving the ſame 
order, and the ſame diftances ; ; but as ſoon as ſome 
of them advance more briſkly, and others more 
ſlowly, the order will be deranged. The ſame thing 
takes place] in the caſe of the different bodies which 
are attracted by the moon; if they all felt, in the 
; fame degree, the action of that lu minary, they would 
- preſerve the ſame relative ſituation, and we ſhould 
| perceive no change in them: but as ſoon as the 
. with which they are attracted toward the 
. moon, varies as to each of them, their order and 1 
their relative ſituation neceſſarily change, unleſs 
they are attached to each other, by bands which 
928 that power is unable to burſt aſunder. : 


But this is not the caſe with the ſea, as all the 


particles of 2 fluid are eaſily ſeparated from each : 
other, and every one may obey the impreſſions : 
which it receives. It is evident, then, that when 
the powers which act on the different parts of the 
ſea, are not equal to one another, an agitation, or 
derangement, muſt be the conſequence. : 


We have juſt ſeen, that the different. Parts of the 8 
ſea 


3 
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fea are attracted unequally by the moon, according 
as they are unequally diſtant from her centre; the 


ſea muſt, therefore, be agitated by the force of the 
moon, which, continually changing her ſituation, 
with reſpect to che earth, and performing a revo- 
lution round it, in about twenty-four hours and 
three quarters, makes the ſea undergo the ſame 
changes, and preſents the ſame phenomena i in the | 
ſame period of twenty-four hours and three quar- 
ters; the flux and reflux muſt, therefore, be re- 
5 tarded from one day to another, three quarters of 
an hour, which is confirmed by conſtant expe- 


; 1 ience. 


To, next letter. 


EG : oy 6 75 


It now remains, that we ſhew, How the alternate 
: elevation and depreſſion of the ſea, which ſucceed 
each other after an interval of fix hours and eleven 
minutes, reſult from the inequality of the Powers 
of the moon. 1 bis 1 propoſe to examine in my 
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LETTER LXV. 


The ſon Sue continued. 


V "OU have ſeen that the moon cauſes no alte. 
1 ration in the ſtate of the earth, but i in ſo far 
as he acts unequally on its different parts. The 
reaſon of it is, that if all its parts equally felt che 
ſame action, they would be equally attracted, and 
7d: change, i in their relative ſituation, would reſult 
from i „„ OT 
L But a body being at A (plat III. * + Jn nearer — 
the moon than the centre of the earth C, is more 
powerfully attracted to it than a body at C would 
- be : it will approach it, then, with greater velocity „ 
than this lt: from hence it neceſſarily follows, 
that the body A retires from the centre C, and ap- 
5 proaches the moon: as if there were two chariots, 
the one at A, the other at C, and if the chariot A 
were drawn toward L with greater force than the 
chariot E. it would remove from it is thus 
that the power of the moon has a tendency to 
withdraw the point A from the centre C. 
Now, to remove a body from the centre of the 
earth is to raiſe it: and the water at A being no, 
the thing 1 in queſtion, i it is certain that the force "= 
the moon tends to raiſe the water which is at A, 
WW Ns by 
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by a power equal to the excels of the attraction 
toward the moon felt at A, above that felt at 2 
By this power, then, che moon raiſes the waters of 
the earth which are immediately under her. 
Let us now, likewiſe, attend to a body at B, di- 8 
rectly oppoſite to the point A; the centre of the - -- 
| earth C, more powerfully attracted by the moon 
than the point B, will approach nearer to it, and 
this laſt, ſo to ſpeak, will remain behind, juſt as a 
T7 chariot, which was drawn more ſlowly than that 
which precedes i it. The point B will conſequently 
remove from the centre C, and riſe; for to remove 
— from the centre of the earth, and to A is one and d 
the ſame thing. e 5 5 
It is evident, therefore, that the power of the ” 
moon tends to raiſe the waters, not only at A, but e 
. likewiſe, at B, the point diametrically oppoſite, and I, 
tat by a force equal to the difference of the at= . 
traction of the moon at B and at C, which! 1s leſs 
-,- "MY than at ; oY Now, thoſe who are at A, have 
1 the moon directiy above them, or in their zenith; 
5 and thoſe who are at B ſee nothing of the moon, i 
becauſe ſhe is then i in a point of the heavens dia- 
” merrically oppoſite to their zenith, called Nadir. 
Hence it appears, that at whatever part of the 
ſea i it mar be, the water muſt rite equally when the 
moon is in the zenith of that place, and in its na- 
dir, or, when the moon is at its greateſt elevation 
above the horizon, or at its greateſt depreſſion un- 
der 
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der it. At the intermediate periods, when the 
moon is in the hefizon, either riſing or ſetting, 
ſhe exerciſes no power capable of raiſing the ſea; 
a ſmall contrary power tends even to make it fall. 
According to this ſyſtem, at the place of the ſea, 
| Where the moon is in the zenith, its power has a 
| tendency to raiſe the waters; about fix hours after, 
when ſhe has reached the horizon, her power has a 
5 tendency to make them fall. Twelve hours and 
twenty-two minutes after, the moon being then at 
the point moſt diſtant, under the horizon, ſhe ex- 
ciſes the ſame power to raiſe the water; and at the 
end of eighteen hours, thirty-three minutes, when 
ſhe has got to the oppoſite horizon, the waters are 
fallen; ; till at length, twenty-four hours and forty- 
ve minutes from the firſt period, ſhe returns to 
-.-- the zenith, raiſing the water as on the preceding 
day: and this is confirmed by uniform experience. 
This alternate elevation and depreſſion of the 
ſea, at intervals of ſix hours and eleven minutes, | 
baving ſuch a perfe& conformity with the moon, 
leaves us no room to doubt, that the flux and re- 
flux of the ſea are cauſed by the attractive power of e 
the moon. 5 : FO a 
It is a remarkable circumſtance, that ſhe ats 
equally on the ſea, in raiſing it, whether ſhe is at 
her greateſt height above the horizon, or at the 
moſt diſtant point under it. This appeared, at: - 
firſt, — . to is AE who imagined, 
that 
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that the moon muſt produce, under the horizon, 
an effect contrary to that which ſhe produces when 
in the zenith. But you ſee clearly, that the moon 
produces the fame effect in theſe two diametrically 
oppoſite poſitions, as I have demonſtrated in the 
figure above referred to, that the effect of the = 
moon 1s the lame at A and at B. 


70 Oaober, 1 760 


LETTER IxvI. 


The ſame 8 ject contimed.. 


ROM what has bink faid, reſpe&ting the flax 5 


and reflux of the ſea, you muſt be ſenſible, - 


that the ſyſtem of Newton, which 1 have adopted, - 
is directly contrary to that of Deſeartes. According 

5 to this laſt, the moon exerciſes a preſſure, and the 5 
. muſt ſubſide at places ſituated directly under 


her; but, according to Newton, the acts by attrac- | 


tion, and forces the water to riſe at theſe voy ” 
places. 
Experience, then, 3 determine which of theſe 


two ſyſtems is to be received. No more 18 neceſ · 


ſary than to conſult the obſervations made with re- 
” ſpect t. to the ocean, in order to lee whether the was 
ter 
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f tr riſes or falls when the moon is in the Zenith, 
Recourſe has actually been had to this; but it is 
found that when the moon is at eitber the zenith, 
or nadir, of a given place, the water there is nei- 
ther high nor low ; and that high water does not 
take place till ſome hours after the moon has paſſed 5 
the zenith. 
From this circumſlance, perſons, Who examine 
; things ſuperficially, concluded at once, that neither 
of the ſyſtems was admiffible ; and the Carteſians 
1 have taken advantage from it, preſuming, that if 
= Newton's was rejected, that of Deſcartes muſt ne- 
=_ ceſſarily be adopted, though the obſervations ä 
| Le oo ferred to are as contrary to the ſyſtem of Deſear, les 
3s as they appear to be to that of Newton. 
But the ſyſtem of Deſcartes i Is overturned by this 
oh ſingle phenomenon, that the ſea is always in the 
ſame ſtate after a. period of twelve hours and 
| twenty-two minutes, or, that its ſtate is always the 
oy fame, whether the moon be above or below the ho- 
rizon; and it is impoſſible for its ſupporters to 
ſhew, how the moon, being over the heads of our 
antipodes, can produce the ſame effect, as when he 
is over ours. To this purpoſe, ſee plate III. fig. 6 
Experience Proves, that the ſtate of the water 
at A is the ſame, whether the moon be at M, by 
the zenith of che point A, or at N, its nadir, 
: which f is, conſequently, the zenith of the antipodes 
-— B. The eflect of the moon, then, on the water 7 
Z 


ated by preſſure, according to Defeartes, it would 
follow, that when the moon is at M, the water at 


A muſt fall; and if ſhe were at N, it is impoſſible 


that the water at A ſhould undergo the ſame pref 
ſure. 
In the fyſtem of attraction, on the contrary, it 


is inconteſtably certain, that the action of the moon 
muſt be nearly the ſame, whether that luminary 
be at M, or at N; and this is demonſtrated 85 ac- 


tual obſervation. 


I muſt here repeat a preceding e be- 


cauſe it is a matter of the utmoſt importance. 


When the moon is at M, the point Ai is nearer it 
than the centre C; it is, therefore, more power- 
fully attracted than the centre; the point A will 

remove from the centre, conſequently i it will then | 
"me: the moon being at M, has a tendency to raiſe 
5 the water at A. Let us now ſee, what effect the 
moon, being at N, will produce, where ſhe arrives 
in twelve hours and twenty-two minutes after ſhe 
was at M. As the point A is more diſtant from 
the moon at N, than the centre C, it will be more 
feebly attracted ; the centre C will advance with 
greater velocity toward N, than the point A; the 
| diſtance A C will accordingly become greater; 
the point A will, therefore, be more diſtant from 
the centre C. But to be more diſtant from the 
centre of the earth is to riſe, conſequentiy the 


moon 
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at A, is the ſame in both caſes. But if the moon 
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moon being at N makes the point A to aſcend; 
that is, ſne has a tendency to raiſe the water at A, 
as if the moon were at M. 1 
But here experience preſents a very formidable 
objection; for it is obſerved, that the moon being 
at M, or at N, the water is not then at its greateſt 
elevation at A. This does not take place till a 
. conſiderable time after, and thence ſome have been 
induced to reject this explanation altogether. But 
you will eaſily lee that their deciſion is extremely 
precipitate. e | 
J have not ſaid, that when the moon is at M or - 
N, the water at A is at its greateſt height; I have 
only ſaid, that the power of the moon has then a 
tendency to make the water riſe. But the water at 
A could not riſe, 1 nleſs 1 its quantity were increaſed; 
and that increaſe can be produced only by the 
flowing of the water from other parts, ſome of 


1 them very diſtant. A conſiderable time, therefore, 4 
is requiſite to the accumulation of a ſufficient 
quantity of water; it is, then, very natural to ſup- 1 


poſe, that high water at A ſhould not take place 


tor ſome time after the moon has paſſed M or ; : 


This obſervation, therefore, 18 ſo far from over- 
turning our fy ſtem, chat it tends ſtrongly to con- 
firm it. $5 ov 
There is no room to doubt, that me power 
which has a tendency to raiſe the ſea, muſt precede | 
its greateſt elevation, nay, that a conſiderable time 

. . mulſt 
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muſt intervene, as the water muſt flow thither from 
places very remote, chat is, from places where the 


water muſt be low, while it is high at A. If the 


water has to paſs through ſtraits, or has its current 
otherwiſe obſtructed, high water w ill be {till more 


retarded * and if, in the ocean, it is high water 


At 


9 It may be proper, in this place, to give a popular view of ſo in- 
tereſting a ſubject as that of tides. Suppoſe, therefore, a ciſtern * 
water communicates with another, alſo of water, and in the ſame 


ſtate; the ſurface of both will conſtantly preſerve, or endeavour to 
* eſer ve, the ſame level. But if one of the ciſterns were filled 


with oil, or any ſuch light fluid, the ſuface would evidently riſe 
above the level of the other; ; and the more fo, the greater was 
the depth of the oil. The ſame conſequence would follow, if, 
by any cauſe, the ſpecific gravity of the water in one of the cil- 
terns was diminiſhed. And this is actually the effect which the 
moon and ſun produce on the waters of the ocean; thoſe par- 
ticles neareſt theſe luminari ies are more attracted by them, than 
„ par! ticles at the centr e, or at the extremities of the tranſverſe ; 
; diameter, which are more attracted than the particles on the 

_ fartheſt fide; and therefore, in both caſes, the tendency to the 
5 centre is diminiſhed. Hence a protuberance will be formed on - 
the nearer and farther ſides of the globe, proportional to the 5 
depth of the ocean. But this gener al ſwell i is never ſuffered to nt=--- 
tain its juſt elevation ; for the neceſſary motions are not ſup- 55 
5 ported a ſufficient length of time, and the impreſſions ſoon 
give a contrary tendency. The flow of the waters is moſt ob- 
ſtructed in narrow feas, which are remote from the great ocean. 
Hence the lateneſs and irregularity of the tides in ſuch ſeas. 


When a large river, or an arm of a fea, frequently contracts and 


widens, it often happens, that, the tide, in puſhing up, occaſions 
aà great ſwell in the narrows, which produces a ſtrong current, 
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at A, two hours after the moon has paſſed M or 
N, it will not be at the height, in narrow and 
bounded ſeas, for three hours or more: and this 
perfectly agrees with daily obſervation, 


11th Ge 1566. 


LETTE * LxVIl. 


The je jane Sue contimed. 


| Ha is no 6 lagi; then, a matter 4 doubt, that the 5 
flux and reflux of the ſea, is cauſed by the at- : 
- tractive power of the moon. But there remains 


one difficulty more to be removed: Why is the 
motion of the ſea much more conſiderable at the 


Dn time of new and full moon, than at the other quar- > 
7 ters? If the moon were nearer the earth, when ſhe 15 
is new, or full, than when the! is in her quarters, 

: there would be 1 no difficulty in the queſtion, „ as her 


that continuing, after its 3 log coaked to operate, 3 the 
water below its proper level, till a quantity is again accumu- 
lated, and repeats the ſame effects; and, thus, an ebb and flow 


may happen ſeveral times in the courſe of a day. This is par- 


ticularly remarked in the river St. Lawrence, in North America. 


A large lake cannot have any ſenſible tides, for every portion 
of its waters is almoſt equally attracted by the ſun or moon. 


Probnmnry 
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proximity would increaſe her power. But though 
the moon approaches the earth ſometimes more, 
ſometimes leſs, the difference is always too ſmall to 
occaſion a change ſo conſiderable in the flux and 
reflux of the ſea. 

Beſides, this difference is not regulated by the 
new and full moon; and it may happen that the : 
moon, in the intermediate quarters, ſhould be 
nearer to us than when ſhe is new or full, We 


muſt have recourſe, therefore, to another cauſe, ca- 


: pable of increaſing the flux and reflux of the ſea * 
the new and full moon, and of N it at 


be intermediate quarters. 


The ſyſtem of attraction news us, at firſt, wet it 5 
is the ackion of the ſun, which, joined to chat of 5 
the moon, furniſhes a complete ſolution of all the 5 
: phenomena preſented to us by the flux and reflux 


+ if the ſea. Indeed, all that have faid, reſpecting 


the power which the moon exerciſes on the ſea, is 


equally applicable to the ſun, whoſe attractive : 
power acts, likewiſe, unequally, on all the parts of 
me earth, according as they are more or leſs remote 

from him. The attraction df the ſun 1 is even much 2 
35 more intenſe than that of the moon, as it chiefly 


5 regulates the motion of the earth, and carries it 

round its orbit. . 
- As to the motion which he communicates to 
te ſea, it depends on the inequality of that ac- 
tion, with relation to the different points of the 
= EEE 4 


— — — < * 


. 


292 LETTERS TO 


| ſurface of the earth, which are more or leſs at: 
| tracted toward the ſun than its centre, as I have 


already ſhewed you, in explaining the effect of the 


moon. If all the parts of the earth were attracted 
_ equally, no change in their mutual ſituation would 
take place. But though the power of the ſun be 
much greater than that of the moon, the 1 inequa- 
| lity, with relation to different parts of the earth is, 
5 nevertheleſs, ſmaller, on account of the great dif- 
tance of the ſun, which | is 300 times farther from 
us than the moon. The difference of the power 
with which the centre of the earth, and the points | 
of its ſurface, are attracted toward the ſun, is, 
therefore, very ſmall ; and from calculations ac- 
- _- wally made, it is found to be three times leſs, 
. nearly, than that of the moon upon theſe points. 
The attractive power of the ſun alone, then, 
would likewiſe be capable of cauſing the flux and 
reflux of the ſea; but it would be about three 
times leſs than that which is the effect of the com- 5 
bined influence of theſe two luminaries. 
5 It ! 18 evident, then, that che flux and reflux of = 
5 the ſea are produced by the power of both the fun 
and the moon, or that there are really two tides, 
occaſioned, the one by the moon, the other by the 
ſan, and called the lunar tide and the ſolar tide. 
That of the moon, nearly three times greater, fol- 
lows its motion, and from one day to another is 
retarded three quarters of an hour: i that which fol- 


lows : 
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lows the action of the ſun, would conſtantly cor- 
reſpond to the ſame hours of the day, if it exiſted 
alone, or if there were no moon. Theſe two tides, 
the lunar and the ſolar together, produce the flux 
and reflux of the ſea; but as the one and the 
other, ſeparately, make the waters of the ſea alter- 
nately to riſe and fall, when it happens that theſe 


two cauſes, conjointly, make the ſea riſe and fall, 


its flux and reflux become much more confider- 
able; but when the one tends to raiſe the ſea, and 
the other to lower it, at the ſame place, when they 
act in contrary directions, the one will then be di- 
miniſhed by the other, and the lunar tide will be 
weakened by the ſolar. According as theſe two 
tides aſſiſt, or check, each other, the flux and re- 
flux will, chen, be more or leſs conſiderable. 4 : 
Now, as at the time of new moon, the ſun and 
moon are in the ſame parts of the heavens, their 


1 effects being perfectly 1 in uniſon, the flux and re- 


flux muſt then be greateſt, being equal to the ſum 


5 of the two tides. This will equally take place at 
tdthe time of full moon, when the moon is oppoſite 
to the ſun, as we know that ſhe produces the ſame 


effect, though ſhe be 1 in a point of the heavens dia- | 
metrically oppoſite to the firſt. The flux and re- 
flux muſt, therefore, be greater at new and full 


moon, than at the firſt and laſt quarters. For then 


the power of the ſun 18 exerted to lower the wa- 


ters, and that of the moon to raiſe them. It is evi- 
— 4 dent, 
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reflux muſt be leſs conſiderable, and actual obſer- 
vation confirms it. 


It might be ſtill further demonſtrated, by colon- 


lation, that the effect of the moon, or of the ſun, 


is ſomewhat greater, when theſe bodies are at the 


equator, or equally diſtant from the two poles of 

the globe: which happens at the time of the equi- 
noxes, toward the end of the months of March and 
September. It is found, too, that then the tides are 
ſtrongeſt. It follows beyond all doubt, then, that 


the tides, or the flux and reflux of the ſea, are 


cauſed by the attractive power of the moon and of 
the ſun, in as much as theſe powers act unequally © 
on the different parts of the ſea, I he happy ex- 
planation of this phenomenon, which had ſo dread- 
fully perplexed the ancients, is a complete confir- 
mation of the ſyſtem of attraction, of of univerſal 


gravitation, on which i is founded the motion of all 
the ann, bodies. 15 


14 Gin, ne. 


LETTER 
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LETTER LXVIIL 


_— More pariteutar Account of the Di 6e 22 uni- 


— 


. Gravitation. 


TAVING given you 5 peneral, but exact, 
idea of the powers which produce che prin- 


| cipal phenomena of the univerſe, and on which are 
founded the motions of all the heavenly bodies, i it 
is of f importance to conſider, with more attention, 

| thoſe powers which are the Principal —— of the 
; ſyſtem of attraction. eh £7 


It is ſuppoſed, i in this ſyſtem, that all takin mu- 


tually attract each other, i in the ratio of their maſs, 
and relatively to their diſtance, i in conformity to a 
law already explained. The ſatisfying manner in 
which moſt of the phenomena in nature are ac- 
counted for, proves that this ſuppoſition i is founded 
In truth; and that the attraction which different 
bodies exerciſe upon each other, may be conſider- 
ed as a moſt undoubted fact. It now remains, 
that we enquire into the cauſe of theſe attractive 
powers; but this reſearch belongs rather to the 6 
5 province of metaphyſics than of mathematics. I 
dare not, therefore, flatter myſelf with the proſpes | 
of aſſured ſucceſs i in the proſecution i 


lt being certain, chat any two bodies whatever 
=o + are 
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are attracted to each other, the queſtion is, What 
is the cauſe of this attraction? On this point phi- 
loſophers are divided. The Engliſh maintain, that 
attraction is a property eſſential to all the bodies 
in nature, and that theſe bodies, hurried along by 
an irreſiſtible propenſity, tend mutually to ap- 
Proach, as if they were impelled by feeling. 
Other philoſophers confider this opinion as ab- 
ſurd, and contrary to the principles of a rational 
philoſophy. They do not deny the fact; they even 
admit, that powers exiſt, which are the cauſes of 
the reciprocal tendency of bodies toward each : 
other; but they maintain, that they are foreign to 
the bodies; that they belong to the ether, or the 
ſubtile matter which ſurrounds them, and that bo- 
dies may be put in motion by the ether, juſt as we 
ſee that a body, plunged into a fluid, receives 
ſeveral impreſſions from it. Thus, according to 
the firſt, the cauſe of the attraction reſides in the 7 
bodies themſelves, and is eſſential to their nature; 
and, according to the laſt, that it is out of the bo- 
dies, and 1n the fluid which ſurrounds them. 1 In 5 
this caſe, the term attraction would be improper; 
and we muſt rather ſay, that bodies are impelled 5 
toward each other. But as the effect is the ſame, 
whether two bodies are reciprocally impelled, or at- 


tracted, the word attraction 'need not give offence, 


15 provided i it is not pretended, by that term, to deter- 


15 mine the nature itſelf of the cauſe. | 
Ry TH 
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To avoid all confuſion which might reſult from 
this mode of expreſſion, it ought rather to be ſaid, 
that bodies move, as if they mutually attracted 
each other. This would not decide, whether the 

powers which act on bodies reſide in the bodies 
themſelves, or out of them; and this manner of 
ſpeaking might thus ſuir both parties. Let us con- 
fine ourſelves to the bodies which we meet with on 5 
the ſurface of the earth. 
Every one readily Amte, that all theſe would | 
fall downward, unleſs they were ſupported. Now, 85 

the queſtion turns on the real cauſe of this fall. 

5 Some ſay, that it is the earth which attracts theſe 
bodies, by an inherent power natural to it; others, 


that! it is che ether, or ſome other ſubtile and nv 


| ſible matter, which impels the body downward: 
ſo that the effect is, nevertheleſs, the ſame in both : 
caſes. This laſt opinion is moſt. fatisfaQtory to 
thoſe who are fond of clear principles i in philoſo- | 
phy, as they do not ſee, how two bodies at a diſ- 
tance can act upon each other, if there be nothing 
between them. The others have recourſe to the 
divine Omnipotence, and maintain, that God has 
endowed all bodies with a power of mutual attrac- 
tion. 5 
Though i it be Gange 8 to venture on diſputing 
concerning the limits of divine power, it is, never- 
theleſs, certain, that if attraction were an imme- 
diate work of that power, without being founded 
in 
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in the nature of bodies, this would be the fame 
thing as faying, that God immediately impels 
bodies toward each other, and this would amount 
to a perpetual miracle. 

Let us ſuppoſe, that before the « creation of the 
world, God had created only two bodies, at a diſ- 
tance from each other; that nothing abſolutely 
exiſted out of them, and that they were in a ſtate 
of reſt; would it be poſſible for the one to ap- 
proach the other, or that they ſhould have a pro- 
penſity to approach? ? How could the one feel the 
Other at a diſtance ? Whence could ariſe the deſire 
of approaching; ? Theſe are perplexing queſtions. 
But if you ſuppoſe that the intermediate ſpace is 
filled with a ſubtile matter, we can comprehend, at 
once, that this matter may act upon the bodies, by 
impelling them; 5 the effect would be the fame a as 
if they poſſeſſed a power of mutual attraction. 

| Now, as we know, that the whole ſpace | which 
1 the heavenly bodies, is filled with a ſub- 
tile matter, called ether, it ſeems more reaſonable ; 
to aſcribe the mutual attraction of bodies to an ac- 
tion which the ether exerciſes upon them, though 


its manner of acting may be unknown to us, ra- 


ther than to have recourſe to an unintelligible 
L 

Ancient nN latisfied themſelves Tak 
| explaining the phenomena of nature, from qualities 
which they called accu, faying, for example, that 


opium 
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opium cauſes ſleep, from an occult quality, which 
diſpoſes it to procure fleep. This was ſaying juſt 
nothing, or rather was an attempt to conceal igno- 
rance. We ought, therefore, hkewile to conſider 
attraction as an occult quality, in as far as it is 
8 giren for a property eſſential to bodies. But, as 
the idea of all occult qualities is now baniſhed 


from philoſophy, attraction ought not to be con- 
ndered in this ſenſe. | 


100 Oder, 1760. 5 


LETTER Hu. 


3 Nature and 2 of Badies : or . Exienſo fon, Maus 
5 and Impenctr ability of 1 


| HE metaphyſical diſquiſition, Whether bo- ” 
| 4 dies may be endowed with an internal power 
: of attrafting each other, without being impelled by 
an external force, canhot be terminated, till we 
_ have examined more particularly the nature of body 
in general. As this ſubject 1 is of the laſt import- 
ance, not only! in mathematics and phyſics, but in 
every branch of philoſophy, you muſt permit me 
to go into * more particular detail of it. 


Firſ, 
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Firſt, it is aſked, What is body? However ab- 
furd this queſtion may appear, as no one is igno- 
rant of the difference between what is body and 
what is not, it is, however, difficult to aſcertain the 
real charaQers which conſtitute the nature of bo- 
dies. The Carteſians ſay, it confiſts in extenſion, 
and that whatever is extended is a body. They 
clearly underſtand, that extenſion has, in this caſe, 
three dimenſions ; ; and that a ſingle dimenſion, or 

: extenſion i in length only, gives only a line; and that 
two dimenſions, length and breadth, form only a 
ſurface, which till | 15 not a body. To conſtitute : 
-Y body, therefore, we muſt have three dimenſions, 
and every body muſt have length, breadth, and 

; depth, or thickneſs ; 5 in other words, an extenſion 


mm three dimenſions. 


But, it is aſked, at the fame time, if every thing 
3 has extenſion i is a body? This muſt be the 
caſe, if the definition of Deſcartes be juſt. The 
idea which the vulgar form of ſpectres cont tains ex- 
tenſion; 3:30 ,. however, denied that they are bo- 
dies. Though this idea be purely imaginary, it 
ſerves to prove, however, that ſomething may have 
: extenſion without being a body. Beſides, the idea 
which we have of ſpace, contains, undoubtedly, an -- 
extenſion with three dimenſions. It is admitted, 
nevertheleſs, that ſpace alone is not a body; it only 

| furniſhes the place which bodies occupy and fill. 
Let us ſuppoſe, that all thoſe which are at pre- 
— — 
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ſent in my apartment, air and every thing, were 
annihilated by the divine Omnipotence, there 
would remain {till in the apartment the fame length, 
breadth and height, but without a body in it. 
Here, then, is the poſſibility of an extenſion that 
| ſhall not be a body. Such a pace, without body 
in it, is called a vacuum; a vacuum then | is exten- 
ſion without body. 
It may likewiſe be laid, according. to the vulgar 
ſuperſlition, that a ſpectre has extenſion, but that 
body, or corporality, i Is wanting to it. It is clear, 
then, that extenſion is not ſufficient to conſtitute a 
body, that ſomething more is neceſſary; hence E 
follo s, that the definition of the Carteſians is not 
exact. But what more is neceſſary, beſide exten · 
ſion, to conſtitute a body ? The anſwer | is, mobi- 
lity, or the poſſibility of being put in motion; 3 
for, though a body be at reſt, whatever may be | 
the cauſes which preſerve i it in that ſtate, 1 it would, 
: however, be poſſible to move it, provided the 
LY” powers applied to It were ſufficient. By chis, ſpace ; 
is excluded from the claſs of bodies, as we ſee that 
ſpace, which only ſerves to receive bodies, remains 
immoveable, whatever motion the bodies that it - : 
contains may have. . . 
Irv likewiſe faid, that, by the help of motion, 
bodies are tranſported from one place to another ; | 
by which we are given to underſtand, that the 


. places and ſpace remain unchangeable. My apart- 
EY ment, 
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ment, however, with the vacuum which 1 have 
above ſuppoſed, might undoubtedly be moved, and 
actually is fo, as it follows the motion which car- | 
Ties round the earth itſelf; here, then, is a va- 
cuum in motion, without being a body. The 
vulgar ſuperſtition, too, beſtows motion on ſpec- 
tres; and this is ſufficient to prove, that the 
5 power of being moved, and extenſion, alone, do 
not conſtitute the nature of bodies. Something 
more is wanting; there muſt be matter to conſti- 
= tute a body, or rather, it is this which diſtinguiſhes 


a real body from fimple extenſion, or from. 4 
ſpeftre. ee 


Is underſtood by the term matter, without which 


s extenſion cannot be body. Now, the ſignification 


of theſe two terms is ſo much the ſame, that all 


Here, then, we are reduced to explain what! a 


body is matter, and all matter is body; ſo that ; 


even now we have made no great progreſs. We 
eaſily diſcover, however, a general character, inſe- f 


15 parable from all matter, and, conſequently, per- 7 
| raining to all bodies ; it is impenetrability, the im- 


8 poſſibility of being penetrated by other bodies, or . 
the impoſſibility that two bodies ſhould occupy 
| the ſame place at once. In truth, impenetrability 


is what a vacuum wants in order to be a body. 


It will, perhaps, be objected, that the hand may 
be eaſily moved through air and through water, 
Whichare, nevertheleſs, acknowledged bodies; theſe, 


then, 
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then, muſt be penetrable bodies, and, conſequently, 
impenetrability is not an inherent character of all 
bodies, But it is worthy of remark, that when you 
plunge your hand into water, the particles of the 
water make way for your hand, and that there is 

no water in the ſpace which your hand occupies. 

If the hand could move through the water, while, 

that fluid did not make room for it, but remained 
in the place which the hand occupied, then it 
would be penetrable; but it is evident, this is not 
the caſe. Bodies, then, are impenetrable; a body, 

. therefore, always excludes, from the place which 

it occupies, every other body; and as ſoon as a 
body enters into any place, it is abſolutely neceſ- 
fary that the body 1 which occupied it before, ſhould | 


. leave it. Tbis is the ſenſe which we muſt affix to 5 
the term impenerrability. 


3 215 Diver, 1 Go; 
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23 f Bodies. 


\HE inline of a ſpunge will, perhaps, be 
produced as an objection to che impenetra- | 
bility of bodies ; which, plunged 1 into water, ap- 
pears completely penetrated by it. But the par- 
ticles of the ſpunge are very far from being ſo, in 
| ſuch manner as that one particle of the water ſhould 
occupy the ſame place with one particle of the 
ſpunge. We know that ſpunge is a very porous 


body; ; and that before | it is put into the water, its 


pores are filled with air; as ſoon as the water en- 
ters into the pores of ths ſpunge, the air is expel- 
5 led, and diſengages itſelf under the form of little 
bubbles ; ſo that, in this caſe; no penetration takes 
place, neither of the air by the water, nor of the 
water by the air, as this laſt always makes its 


eſcape from the places into which the water enters. 


7 is, then, a general, and eſſential property, of - 
all bodies, to be impenetrable ; ; and, conſequently, | 
the juſtneſs of this definition muſt be admitted : 
. that a body is an impenetrable extenſion ; as not only 
all bodies are extended and impenetrable, but like- 
wiſe, reciprocally, as that which is, at the ſame 
time, extended and impenetrable, is, beyond con- 
5 8 tradiction, 
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tradiction, a body. Vacuum is, accordingly, ex- 
cluded from the claſs of bodies; for, though it has 


extenſion, it wants impenetrability ; and wherever 


we meet with a vacuum, there bodies may be in- 
troduced, without — any ching out of its 
Place. 
We muſt attempt to remove another difficulty, 
raiſed againſt the impenetrability of bodies. There 
are, ſay the objectors, bodies which admit of com- 
preſſion into a ſmaller ſpace, as, for example, 
wool, and eſpecially air, which it is poſſible to re- 
duce into a ſpace a thouſand times ſmaller than 
what it occupies. | It appears, then, that the dif- 
ferent particles of air are reduced in the ſame 
piace and that, conſequently, they mutually pe- 


netrate. 


'F here 1 is, however, nothing i in this; j; for the air, : 
too, is a body, or a ſubſtance full of empty pores, 
or filled with that fluid, incomparably more ſub- 
tile, which we call ether. In the firſt caſe, no pe- 
tration will enſue, as the particles of air only ap- 
proach nearer to each other, according as the va- 
cuum is diminiſhed ; and, in the other caſe, the 
ether finds a ſufficiency of ſmall paſſages by which 
to eſcape, as the particles of the air approach each 
other, but all the while without any mutual pene- 
tration. For this reaſon, it is neceſſary to employ 
a greater force, when we want to comprels the air 


more: and if the air were compreſſed to ſuch a 


Vor. I. E degree, 
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degree, that it's minute particles touched each other, 
we could not carry the compreſſion farther, be- 
_ cauſe, were it poſſible, the minute particles of the 
air muſt mutually penetrate, 5 
It is, then, a neceſſary and fundamental law in 
nature, that no two bodies can penetrate each 
other, or occupy the ſame place at once: and it 
is in a conformity to this principle, that we muſt 
look for the real ſource of all the motions which 
we obſerve in all bodies, and of the changes which 
: befall them. As two bodies cannot continue their 
motion without penetrating each other, it is abſo- 
lutely neceſſary that the one ſhould give place to the 
_ other. It, then, two bodies are moving in the | 
ſame line, the one to the left, the other to the 
right, as it frequently happens at billiards, if each 
were to continue its motion, they muſt mutually - 
penetrate, but this being impoſſible, as ſoon as 
they come to touch, a ſhock takes place, by which 
the motion of each body is almoſt inſtantly chang- 


| ed; and this ſhock i 1s produced, in nature, only 


to prevent penetration. The motion of each body 
is preciſely changed no further than is neceſſary to 
prevent all penetration; and in this conſiſts the 
real cauſe of all the changes which happen | in the 
World. 
When all theſe changes are attentirely conſider- 
ed, they are found always to take place, in order 
to prevent ſome penetration, which, without theſe 
5 changes, | 
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changes, muſt have enſued. At the moment I am 
writing, I obſerve, that if the paper were pene- 
trable, the pen would paſs freely into it, without 
writing : but as the paper ſuſtains the preſſure of 
my pen, moiſtened with ink, it receives from it 
ſome particles which form theſe letters; which 
could not bappen if bodies penetrated each other. 
This property of all bodies, known by the term 

5 impexetrability, is, then, not only of the laſt im- 
portance, relatively to every branch of human 


Ee knowledge, but we may conſider 1 it as the maſter- f 


7 ſpring which nature ſets a-going, in order to pro- 5 
duce all her wonders. It merits, then, an attentive 
: examination, in order chat we may be enabled to 
explain more clearly the nature of bodies, and the 


principles of every ſpecies of movement, commonly 
: called law of m motion. 


5 55 0 Oh 5 1560 5 
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LETTER LXXI. 
Of the Mition of the Bodies, real ond aher: 


* bodies are at reſt, or in motion. How- 
eiter evident this diſtinction may be, it 1s | 
Wo) almoſt impoſſible to judge, whether a body is in 
tms one ſtate, or in the other. The paper which 
I ſee on my table, feems to me really at reſt ; but 
when 1 reflect, that the whole earth 1 15 moving with 
that aſtoniſhing velocity which T explained as 
former letter“, my houſe, my table, and the paper, 
mt abſolutely be carried along with the ſame „ 
. pidity. Thus every ching that ſeems to be at reſt; „ 
has, in reality, the ſame motion as the eartn. 
We muſt, therefore, diſtinguiſh between two : 
| Kinds of reſt, the one abſolute, the other apparent. 
Abſolute reſt takes place, when a body remains 
5 conſtantly 1 in the ſame place, not with relation 1 
the earth, but with relation to the univerſe. If 


1 the fixed ſtars remained always in the ſame place 5 
—_ of the univerſe, they 1 would be at reſt, though they | 
cem to move very rapidly; but as we are not cer- 


tain of it, we muſt not pretend to affirm, that the 
fixed ſtars are in a tate of abſolute reſt, 


Later IL p. 9 N TOO 
. A body 
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A body is ſaid to be in a ſtate of apparent reſt, 


when it preſerves the ſame fituation on the earth, 
It is, likewiſe, to be preſumed, that theſe terms, 


reſt and motion, have been introduced into lan- 
guage, to mark rather appearances than truth; and 
in this ſenſe, I affirm, without heſitation, that my 
table is at reſt, as well as the whole earth; and 
that the ſun, and the fixed ſtars are in motion, and 
| that a very rapid motion, although they are really 
at reſt. We ſhould, therefore, be aſcribing ſtrange, 
5 and purely metapbyſical, ideas, to theſe expreſſions, _ 


if we underſtood by them, 5 abſolute reſt, or motion; 


and it is abſurd to employ, as ſome perſons do, 
paſſages of the holy ſcriptures, to prove that the 
earth is at reſt, and the ſun in motion. : 
Language is formed for general uſe; and abs 
= loſophers are under the neceſſity of forming a par- 
ticular language for themſelves. As we are in- 
. capable to judge of abſolute reſt, it is very natural 


for us to conſider thoſe bodies as at reſt, which | 
8 preſerve the ſame ſituation, relatively to the earth; 0 
it very probable, the inhabitants of other 


planets, likewiſe, form their judgment of reſt, from 
the. ſame ſituation, relatively to their reſpectire 

planet. BE OI eG FOE IR 
e obſerve, that navigators conſider as at reſt, | 
the objects which preſerve the ſame ſituation, rela- : 
tively to their veſſel, and that the coaſts which they 
diſcover, appear to them to be in motion ; and no 
A 3 one 


. a 
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one thinks of finding fault with their uſing the 
common modes of expreſſion. There is, therefore, 
a-great difference between reſt and motion, „real or 
abſolute, and between reſt and motion apparent, 
or relative to a body, conſidered at the time, as in 
a ſtate of reſt, though perhaps it may be in motion. 
The principles, or laws of motion, refer chiefly ta 
the abſolute ſtate of bodies, that! is, to their reſt, or 
motion, real or abſolute. In order to diſcover theſe 
laws, we begin with conſidering a body fingly, and | 
abſtradtedly from all others. . 
his bypotheſis, though 1 it never can take place, 
is, in reality, very proper to aſſiſt us, in diſtin- 
guiſhing what 18 operated by the nature of body 
ittſelf, from that which other bodies are 5 of : 
- 3 upon SE 1, 9 
= Let a body, then, be alone, and at reſt; : it may 
be aſked, Will it continue at reſt, or will i it begin 
to move: ? As there 1 is no reaſon which ſhould in- 
dline it to move to one fide, rather than to another, 
- It is concluded, that it would remain always at reſt. .- 
The ſame thing muſt happen, on the ſuppoſition 
= of the exiſtence of other bodies, provided they do 
not act on the body! in queſtion; ; hence reſults this 
fundamental law : When a body is once in a fate of. 
reft, and nothing external afts upon it, it will remain 
always in that hate: and if it begin to move, the cauſe 
of motion would be out of it, jo that there is nothing, 5 
in! the Boch el, which 15 capable of putting it in no- 
lion. 
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tion. When, therefore, we ſee a body, which has 
been at reſt, begin to move, we may reſt aſſured, 
that this motion has been occaſioned by an exterior 
power, as there 1s nothing in the body itſeif, ca- 
pable of putting it in motion; and if it were alone, 
and cut off from all communication with other 
bodies, it would remain always at reft. 
Hlowever well founded this law may be, und 
however entitled to rank with geometrical truths, 
there are perſons, little accuſtomed to profound 
inveſtigation, who pretend that it is contradicted 
by experience. They allege the example of a 
thread, to which a ſtone is appended; the ſtone i is 


1 reſt, but falls the moment that the thread is cut. 


5 It i is certain, fay they, that the action, by which the 
thread i is cut, is not capable of making the ſtone 1 
move; the ſtone, therefore, muſt fall, by a power 
which! is proper to itſelf, and internal. 

— he fact is certain; but it is evident, at the fame 

time, that gravity is the cauſe of the deſcent, and | 


£ not an internal power in the ſtone. : 


They fay farther, that gravity may be an intrin- 
be power, attached. to the nature of the ſtone; mm. 
which it muſt be remarked, that gravity is pro- 5 


| duced, either by a ſubtile matter, or by the attrac- 


tion of the earth. In che firſt caſe, it certainly 18 
that ſubtile matter which cauſes the deſcent of tbe 
ſtone; in the ſecond, which appears favourable to: 


our opponents, It can with no propriety | be affirm- 
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ed, that the ſtone deſcends' by an intrinfic power; 
it is rather the earth which contains the cauſe of it, 


and which produces the deſcent of the ſtone, bh 
it's attractive power: for if the earth did not exiſt, 


or were deprived of it's attractive power, they ad- 
mit that the ſtone would not deicend. 


It is certain, therefore, that the cauſe of the de- 


ſcent does not reſide in the ſtone itſelf: the cauſe, 
then, is always extrinſic, whether! it bei in the ſubtile 
matter, or in the earth, ſu p poſing i it to be endowed , 
with an attractive power, as the partiſans of att race. 
tion pretend. This difficulty being removed, the 
law, which I have laid down, ſubſiſts in full force; ; 
namely, That a body, once at reſt, will always re- 
main ſo, unleſs 1 it be put in motion by ſome foreign 
cauſe. This law muſt take place, provided the 
body has been at reſt but a ſingle irſtant, though 
it was in motion immediately before; and, when 
once reduced to a ſtate of reſt, it will always pre- 
ſerve that ſtate, unleſs ſome foreign cauſe i intervene 
to put it again in motion. This principle, being 
5 the foundation of all mechanics, 1t was neceflary 
7 for me to eſtabliſh 1 it with all | polible provides. 55 


28th oa, I 1760. 
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LETTER LAX, 
Y uniferm, accelerated, and retardea . 


RETURN to the caſe of a body, placed i in ſuch 
a manner, as to have no connection with any 
other. Let us ſuppoſe it to have received ſome 
motion, from whatever cauſe; it remains, that we 
enquire, What will afterwards happen to it? Will 
it continue to move 2 Or will it ſuddenly return to 
a ſtate of reſt; or after ſome time? You muſt be 
ſenſible, that this is an enquiry of ſome i importance, | 
and that all our reſearches, reſpecting the motion 
of bodies, depend upon it. Let us examine, i, by 
means of reaſoning, we are able to reſolve it. ; 


= body is at reſt, as long as it, and all its parts, 
+ remain 1n the ſame place; and it is in motion, 


when that body, or ſome of its parts only, paſs 


from one place to another. | Now, there are two 


a things to be conſidered in motion, the direction 
and the velocity. The direction 1s the place to- 
ward which the body i is carried, and the velocky 
5 is the ſpace, greater or leſs, through which it moves 


in a certain time. I am perſuaded you have, * 


ready, juſter ideas of this, than I could communi- 


cate, by the moſt ample explanation. 1 remark 


only, that as long as a body preſerves the ſame di- 
direction, 


F. 
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rection, it moves in a ſtraight line; and recipro- 
cally, as long as a body moves in a ſtraight line, it 
1 preſerves the ſame direction; but when it moves 
in a curve, it is continually changing it's direction. 
If a body, then, (plate III. fig. J.) moves in the 
curve, ABC; when it is at A, it's direction is 
the ſmall line A a; when it is at B, it's direc- 


tion is the ſmall line Bb; and at ; 9 the ſmall 


line C c. Let theſe ſmall lines be produced; 
--- whe continuations of which, are marked by . 
ſtraight dotted lines, A L; B M, CN; and it will 
be affirmed, that when the body paſſes through " 
- M's direction is the ſtraight line AL, becauſe, if 
the body preſerved. the ſame direction which it 
had at A, it would move in the firajght line AL, 
It is evident, then, that it moves in the curve, only - 
inſofar as it is continually changing i it's direction. 
And when it arrives at B and at C, the direction, = 
from which 1 it deviares, I is expreſſed wy the — 15 
lines B M. and C N b. 


* The argument, canly h , or 1 3 PE is a a fort _ 


= of) jargon, introduced by ſome metaphyſicians i in the beginning of: 


the preſent century, which has ſtill it's advocates on the con- 
tinent. To conclude, that a thing is ſuch, becauſe we ſee no 
ſufficient reaſon to the contrary, is, indeed, a ſtrange method of 
reaſoning. What can be more prepoſterous, than to employ 
our ignorance as the inſtrument of diſcovering truth? And yet, 
this is the plain ſtatement of the argument, The inſtance, men- 


tioned 1n the text, is a a noted one, though the ingenious Father 
ohms 
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A body preſerves the ſame velocity, in it's mo- 
tion, as long as it moves through equal ſpaces, in 
| equal times. This motion is called uniform. Thus, 
for example, if a body moves in ſuch a manner, 
as always to proceed ten feet during every ſecond, 
we call this motion uniform. If another body pro- 
ceeds twenty feet in a ſecond, it's motion too would 
be uniform, but it's velocity would be twice as 
| great as that of the preceding. 
From what L have juſt ſaid of the uniformity = 
motion ; it is eaſy to comprehend what! is not uniform . 
motion; for when the velocity of a body is not equal, 


it's motion is not uniform. When the velocity ofa. 


= body goes on increaſing, it s motion is ſaid to be 


accelerated, and when it 1s continually diminiſhing, 5 


we ſay 1 it Is retarded. In this laſt caſe, the velocity 
may come to be retarded to ſuch a degree, that the | 
þody ſhall, at length, come to a ſtate of reſt, 
Havipg made theſe remarks on the ky and _ 
direction of moving bodies, return to the caſe of 


” Bo fervich remarks, that any noms whatever may, with = 


cual juſtice, be drawn from the ſame premiſes. Thus, we may 5 


ſay, that no ſufficient reaſon can be given, that a moving body, 
A, ſhould approach a point B, rather than recede from # 


will, therefore, keep conſtantly at the ſame diſtance, and, con- 
Y ſequently, deſcribe a circle about that point. Hence bodies 
move not in ſtraight lines, but in circles. In the ſame 1 manner, | 
we might ſay, that motion is not uniform, and, indeed, prove 


any thing we pleaſe. The fact is, that we derive no part of our 


E Knowledge from any abſtract reaſoning on the nature of things. 
a ſolitary 
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a ſolitary body, which I ſuppoſe to be put in mo- 
tion, by any cauſe whatever. As ſoon as it has be- 
gun to move, it muſt have acquired a certain di- 
rection, and a certain velocity: and the queſtion 
is, Will it afterwards preſerve the ſame direction, 
and the ſame velocity; 3 Or, Will it undergo ſome - 
alteration | ? We cannot affirm, that it will be re- 
duced to a ſtate of reſt in an inſtant, for, in this 
caſe, it could not have had any motion, all motion 
ſuppoſing duration, however ſhort. Now, as long 
as the motion laſts, ! it is certain, „ chat che direction 
will remain the ſame. „„ 
In truth, it 1s impofſible to conceive, why the 
body ſhould go out of 1 it's road, to one ſide rather 
than to another; and, as nothing comes to paſs 
5 without reaſon, i it follows, that the body i in queſ- | 


tion will always perſevere in the ſame direction, = 


or, that it's motion will proceed in a ſtraight line, 
— which i is a great ſtep made toward the deciſion of 5 


8 the queſtion. f 


It is, likewiſe, maintained, that the velocity of 


the body, of which I ſpeak, cannot change : Tn, 5 


in that caſe, it muſt either increaſe or diminiſh, 
and no reaſon can be aſſigned, capable of produc- 
ing this change. Hence, it is concluded, that this 
body will always continue to move with the ſame 
velocity, and in the ſame direction, or, that it will 
5 proceed continually i in the direction of a ſtraight - 


= line, without ever deviating from it, and always 


with 
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with equal ſpeed. This motion will be performed, 
then, always in a ſtraight line, and with an equal 
velocity, without ever being ſlackened, or retard- 
ed; the body, cherefore, will never be reduced to 
a ſtate of reſt. 

| What has been Ki of a 5540 which I have ſup- 
poſed folitary, would happen, in like manner, to 


| our globe, if no other bodies had any influence - 


upon It, for, then, it would be the ſame thing as if 
they did not exiſt. The queſtion, then, 1 is reſolv- 8 
ed. A body in motion will always preſerve it in 


; ; the ſame direction, and with the ſame velocity, 


unleſs ſome external cauſe interpoſe, capable of al- 
tering it's motion. So long, ther efore, as a body : 


is not ſubject to the action of ſome external cauſe, 


it will remain at reft, if it has once been in a ſtate = 
of reſt; or will be moved i in the direction of a 
ſtraight line, and always with the ſame velocity, 


jf it has once been put in motion; and this is the 
firſt and principal law of nature, on which the . 


whole ſcience of motion muſt be founded. | 
From it we deduce, at once, this concluſion; ” 


that as often as we ſee a body, which was art, 


put in motion, or a body moving ina curve line, 


or whoſe velocity changes, 1 it is certain, that an ex- 


ternal cauſe acts upon it. No change can poſſibly 5 


| take place, either as to direction, or velocity, but f 


what 3 is the operation of a foreign cauſe. 


A 1760, e 
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LETTER LXXIIL 


Principal Live of Motion and Ref. Diſpute of Pbi- 5 
 loſophers on the Shell. 


1TH whatever folidity this peintiple is 
eſtabliſhed, that every body put in motion 
* continues to move in the ſame direction, and with 
the ſame velocity, unleſs ſome exterior cauſe inter- 

poſe to derange this motion; it has, nevertheleſs, 
been combated by certain philoſophers, who have 
never made any great progreſs in the ſcience of 


motion; while thoſe, to whom we are indebted or 


all the great diſcoveries which have been made in 
this ſcience, unanimouſiy agree, that all their re- 
ſearches have proceeded entirely on this principle. 5 
It is attacked by two ſects of philoſophers, whoſe 

objections ! proceed to . and ſhall endea- 

vour to refute. 


It is alleged by the one, That all bodies have 


a propenſity to reſt, which is their natural ſtate, 5 


and that motion is to them a ſtate of violence ; ſo | 
that when a body i is put in. motion, it- has a ten- 
dency, from it's very niture, to return to the ſtate 

of reſt; and that it makes every effort to deſtroy 
it's motion, independently of every external or fo- 
reign cauſe. They BEDS in proof, experience, = 


ſo 
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ſo convincing, according to them, that we know 
of no motion in nature, that does not very ſenſibly 
betray this reluctance. Do we not ſee, ſay they, 
on the billiard table, that with whatever force we 
ſtrike a ball, its motion is quickly ſlackened, and 
it ſoon returns to a ſtate of reſt. As ſoon as the 
motion of a clock ceaſes to be kept up, by the ex- 
ternal force which ſet it a going, it ſtops, It is re- 
marked of all machines, 1 in general, that their mo- 
tion laſts no longer, than the external powers by 
which they are agitated. Hence, they conclude, 
that a body put in motion is ſo far from preſerving 
it, from any thing i in its own nature, that, on the 
contrary, an external force muſt be employed to 
keep 1 it up. : © 
You muſt be ſenſible, that, if this concluſion is 
juſt, our principle is completely ſubverted ; as, in 
virtue of this principle, the ball and the machines 
in queſtion, once put in motion, muſt always pre- 
ſerve the ſame, unleſs external cauſes have occa- 
: fioned ſome change 1 is it. T hus, in the experi- 
ments referred to, had there been no external cauſe 
which tended to deſtroy the motion, we ſhould 
have been under the neceſſity of abandoning our 
principle. | 
But, if we attend to every thing, we ſhall find ſo 
many obſtacles oppoſed to the motion, that we 
need no longer wonder it ſhould be ſo ſpeedily ex- 


— tinguiſhed. In fact, it is, firſt, the friction on the 
dilliard 
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billiard table which diminiſhes the motion of the 
ball, for it cannot advance without rubbing againſt 
the cloth. Again, the air being a ſubſtance, cauſes, 


| Tikewiſe, a reſiſtance capable of diminiſhing the 
motion of bodies. To be convinced of this, you 
bave only to move your hand rapidly through the 


air. It is evident, then, that in the caſe of the 
billiard table, it is the friction, and the reſiſtance 


of the air, which counteract the motion of the ball, 
and ſoon reduce it to a ſtate of reſt, 


| Now, theſe cauſes are external, and it is eaſily 


comprehenſible, that, but for theſe obſtacles, the 
motion of the ball muſt have always continued. 
The ſame reaſoning is applicable to machines of 
all kinds, in which, the friction which acts on the 
5 different parts is ſo conſiderable, that it 18 viſibly "I 


very ſufficient cauſe of ſoon reducing the machine 
to reſt. 1 


Having, then, diſcovered the real cauſes which 


produce, in the caſes alleged, the extinction of 
motion, and that theſe cauſes are external, and not 
reſident in the moving body, it is evidently falſe, 
that bodies have, in their nature, a propenſity to 
reſt. Our principle, therefore, ſubſiſts i in full force, 
and even acquires additional ſtrength from the pre- 
ceding objections. Every body, then, always pre- 
ſerves the motion which it has once received, un- 


leſs foreign cauſes interpoſe, to change the direc- 


tion, or the velocity, or both, at once. And thus 


We 
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we have got rid of one phalanx of the adverſaries 
who combat our principle. 


The other is more formidable, for they are no 


leſs than the celebrated Wolfian philoſophers. They 
do not, indeed, openly declare againſt our principle, 
nay, they even expreſs much reſpect for it; but 
they advance others which directly oppoſe i 1e. 


They maintain, That all bodies, in virtue of their 
nature, are making continual efforts to change 
their ſtate; that is, when they are at reſt, they 
make an effort to move; and, if they are in mo- 
tion, make continual efforts to change their velo- 
city and direction. They allege nothing 1 in proof 
of this aſſertion, except certain crude reaſonings, 
drawn from their ſyſtem of metaphyſics, which 
| ſhall hereafter take occaſion to lay before you. 1 
only remark, at preſent, that this opinion is con- 
tradicted by the principle which we have ſo firmly | 
eſtabliſhed; and by experience, which i is in per- i 


fect conformity with it. 


In fact, if i it be true, that a body at reſt, remains, 5 
in virtue of its nature, in that ſtate, it muſt be un- 
doubtedly falſe, that it ſhould make, in virtue of 

its nature, continual efforts to change its ſtate. 

And if it be true, that a body in motion preſerves, 

in virtue of its nature, this motion, in the ſame di- 


rection, and with the ſame velocity, 1 it is impoſſible 
that the ſame body ſhould, in virtue of its nature, 


. making continual efforts to change its motion. 5 


Vol. I. 3 I Theſe 
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Theſe philoſophers, in attempting to maintain, 
at the ſame time, the true principle of motion, and 
their own abſurd opinion, have fallen into ſelf. 
contradiction, and thereby ſubverted their own fy. 
tem. It 1s, therefore, placed beyond the reach of 
diſpute, that our principle is founded in the very 
nature of body, and that whatever is contrary to 
it ought to be baniſhed from ſound philoſophy : 
5 and this ſame principle enables us to clear it of cer- 
tain ſubtilities in which it has been involved. 
This principle is commonly expreſſed in the 
two following propoſitions : Firſt; A body once at 
reſt, will remain eternally at reſt, unleſs it be put in 
motion by ſome external or foreign canſe : Secondly ; : 
- body once in motion, Twill preſerve it eternally, , in the 
fame direction ; and with the Same velocity; 3 or Will pro- 
ceed with an uniform motion, in a ſtraight line, unleſs it 


is di Kurbel by ſome external, or foreign cauſe. In theſe 
two propoſitions conſiſts the foundation of the 
whole ſcience of motion, called mechanics. | | 


10 W +566. ” 
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LETTER LXXIV. 
oc the Inertia of Bodies 2 of Powers. 


8 we oy, that a 5585 ſo long as it is at ret 
I remains in the ſame ſtate, ſo we likewiſe 
ſay, of a body in motion, that as long as it moves 
in the ſame direction, and with the ſame velocity, 
it remains in the ſame ſtate. To continue in the 
| ſame ſtate, then , fignifies nothing more than to Te - 
main at reſt, or to preſerve the ſame motion. 
This manner of ſpeaking has been introduced 
for the purpoſe of expreſſing more ſuccinctiy our 
grand principle, that every body, in virtue of its 


nature, preſerves itſelf in the ſame ſtate, till an ex- 
traneous cauſe come to diſturb it, that is, to put 5 


che body in motion when at reſt, or to derange 1 it' s 
motion. 
_ ma not be imagined, that a body, f in order 
to o prferes the ſame ſtate, muſt remain in the ſame 


place; ; this, indeed, is the caſe when the body i 18 


dd reſt; but when it moves with the ſame velocity, ; 
and i in the ſame direction, we ſay, equally, that i 3 
continues in the ſame ſtate, though it is every in- 
ſtant changing its place. It was neceſſary to make 
this remark, to prevent the poſſibility of corfound- 
ing change of place with that of ſtate. If it be 
| 1 ==: mow 
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now aſked, Why bodies continue in the ſame ſtate? 


The anſwer muſt be, that this 1 1s 1n virtue of their 


peculiar nature. 


All bodies, in as far as they are compoſed of 


matter, have the property of remaining in the ſame 


ſtate, if they are not drawn out of it by ſome ex- 
ternal cauſe. This, then, is a property founded on 


the nature of bodies, by which they endeavour to 
| preſerve themſelves i in the ſame flate, whether of reſt 
or motion. This quality, with which all bodies | 
are endowed, and which 1 18 eſſential to them, i is cal- : 
5 led inertia *, and it enters as neceſſarily into their 
conſtitution, as extenſion and impenetrability; 1 
ſuch a degree, that it would "DE: impoſſible for a 
body to exiſt, diveſted of this inertia. Ho 


This term was firſt introduced into philoſophy, 


by thoſe Who maintained, that all bodies have a 
1 propenſity to reſt. They conſidered bodies a8 ſome- 5 
what reſembling indolent perſons, who prefer reſt = 
| to exertion, and aſcribed to bodies an 1 averſi ion to 


* We have already i in common n uſe, in our own. language, x 


the adjective inert, and the adverb inertly, and their meaning Is 
generally under ſtood. But, hitherto, no author of name, except 
in works of philoſophy, has ventured to introduce the correſpon- 
dent ſubſtantive noun into general compoſition, much leſs to 
clothe it with an Engliſh form. The Latin term inertia is, 
therefore, retained. in this tr anſlation. The linguiſt and the 


philoſopher need no interpretation. The unlearned reader is re- 


| ferred to what Mr. Euler ſays in the context, or to the explana- 
tion of foreign and {ſcientific terms affixed to this work. —E. E. 


motion, 
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motion, ſimilar to that which ſluggards have for 


labour; the term inertia ſignifying nearly the ſame 


thing as fluggiſhnels. But though the falſeneſs of 
_ this opinion has been ſince detected, and though it 
is certain, that bodies remain equally | in their ſtate 
motion, as in that of reſt, yet the term inertia has 5 
been ſtill retained, to denote, i in general, the pro- 


perty of all bodies to continue in the ſame ſtate, 
whether of reſt, or of motion *. 


The exact idea of inertia, therefore, 1 is, a repug- 
nance to every thing that has a tendency to cn 
the ſtate of bodies; for as a body, in virtue of it's 
nature, preſerves the fame Rate of motion, or of 
reſt, and cannot be drawn out of 1 it but by exter nal 

1 8 cauſes, i it follows, that, in order to a body' 8 chang- . 

ing it's ſtate, | It muſt be forced out of it by ſome 

external cauſe: : without which, it would always 
continue in the ſame ſtate. Hence it is, that we 

give to this external cauſe the name of power, or 
force. It i is a term in common — . many 


3 The diſtinguiſhing property of inanimate matter is its ab- 

1 ſolute paſſiveneſs, or want of diſpoſition to change its ſtate, whe- | 

ther that of reſt, or of motion. The term inertia is improper, 
ſince it conveys an idea of lluggiſhneſs, or a reluctance to be put 
in motion; whereas bodies are obedient to the ſmalleſt impulſe, 

and the dien generated } is ever proportioned to the force. The 

| expreſſion vis inertiæ, commonly uſed, is really a contradiction 


of terms. Indeed, it would be no diſſervice to natural philo- 


ſophy, if the law that * action and re- action are equal and op- 


Poſite,“ v were entirely omitted. —E. E. 
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of changing the ſtate of bodies. Thus, when a 
= body, which has been at reſt, is put in motion, It is 
a force which produces this effect; and when a 
body, in motion changes its direction, or velocity, i 5 
is, likewiſe, a force which produced this change. 5 
Every change of direction, or of velocity, in the 
motion of a body, requires either an increaſe or a 
8 diminution of force. Such force, cherefore, is al- 
: ways out of the body whoſe ſtate i 18 changed; for 
we have ſeen, that a body left to itſelf, preſerves 5 
always the ſame ſtate, unleſs a. force from without i 
- acts upon * 
Now, the inertia by which a body Bande to pre- 5 
= ſerve itſelf 1 in the ſame ſtate, exiſts in the body it- 
ſelf, and i is an eſſential property of i it: when, there- 
fore, an external force changes the ſtate of any bo- 
_ dy, the inertia which would maintain it in the ſame _ 
: ſtate, oppoſes itſelf to the action of that force; and 
| hence we comprehend, that the inertia is a quality : 
5 ſuſceptible of meaſurement, or that the jnertia of 
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by whom it is employed, have but a very imperfect 
idea of it. 

From what I have juſt ſaid, you will ſee, that 
the word force ſignifies every thing that is capable 


one body may be greater, or leſs, than that of an- 


other body. 


But, bodies are endowed ak this inertia, in as 


far as they contain matter. It is even by the in- 
= ertia, or the reſiſtance which they oppoſe. to every 


change 
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change of ſtate, that we judge of the quantity of a 
body; the inertia of a body, accordingly, is greater 


1n proportion to the quantity of matter which it 
contains. Hence we conclude, that it requires a 
greater force to change the ſtate of a great body, 
than that of a ſmall one; and we go on to con- 
8 clude, that the great body contains more matter 
than the ſmall one. It may even be affirmed, that 
this ſingle circumſtan | ce the inertia, renders matter 
ſenſible to s. 
It is evident, then, that the inertia is ſuſceptible 
” of meaſurement, and that it is the ſame with the 
quantity of matter which a body contains : as we 


EY denominate, likewiſe, the quantity of matter in a 


body, its maſs, the meaſure of the inertia 1s the 
fame as that of the maſs. 
Ta this, then, i is reduced our knowledge of bo- 
5 dies in general. Firſt, we know, that all bodies 
have an extenſion of three dimenſions; ſecondly, 
that they are impenetrable; and hence reſults their 


15 general property, known by the name of inertia, 


by which they preſerve themſelves in their ſtate; 
oy that 1 is, when a body is at reſt, by its inertia it re- 
mains ſo; and when it is in motion, it is likewiſe 
by its inertia that it continues to move with the 
fame velocity, and in the ſame direction ; and this 
_ preſervation of the ſame ftate laſts, till ſome exter- 
nal cauſe interpoſe to produce a change in it. As 
__ oftenas the ſtate of a body changes, we muſt never 


'F 4 > Jook 


ground, ref; pecting various phenomena preſented 
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look for the cauſe of ſuch change in the body 
itfelf ; it exiſt always out of the body, and this 1s 
the juſt idea which we muſt form of a Power, or 
force. 


8th Nevember, 1760. 


LETTBR IXXV. 
: Changes which . Place in the Neat of Boles . 
f H E. fundamental ugh of mechanics, 


with the idea of ine tia, which 1 bave endea- 
voured to explain, enables us to reaſon, on ſolid 


to us in nature. On ſceing a body in motion, 
which ſhould proceed uniformly | in a ſtraight line, 

rhat is, which ſhould preſerve. the ſame direction, 
and the ſame ve' ocity, we would ſay, t that the cauſe 

5 of this continuation of motion 1s not to be found 
out of the body, but that ! it is founded 1 im its very 

n ture, and that, in virtue of its inertia, it re- 

mains always in the ſame ſtate ; as we would ſay, 

were the body at reſt, that this rook place i in vir- 
tue of its inertia. 

We would, likewiſe, he right in faying, that 
this body undergoes no action trom any external 
caule ; ; 
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cauſe ; or, if any ſuch exiſted, that theſe powers 
reciprocally deftroyed each other, in ſuch a man- 
ner, that the body is in the ſtate in which it would 
be, if no force acted upon it. 

If it is aſked, then, Why the body continues to 
move in this manner ? The anſwer is obvious. But 

if it is aſked, Why this body had begun thus to 
move? The queſtion i is totally different. It muſt 
be ſaid, that this motion has been impreſſed upon 
it by ſome external force, if it was before at reſt; 
but it would be impoſſible to affirm any thing with 
certainty reſpecting the quantity of chat force, be- 
cauſe, perbaps, no traces of it rem: ain. It is, there- 
fore, abundantly ridiculous to aſk, Who impreſſed 
motion on every body at the beginning of the 
world ? Or, Who was the prime mover? Thoſe 
who put the queſtion, admit, then, a beginning, 
and, conſequently, a creation; but they! imagine, 
that God created all bodies at reſt. Now, it may 
be anſwered, That he who could create bodies, 
could impreſs motion upon them. E aſk them, 1 in = 
my turn, If they believe! it to be more eaſy to create 
3 body at reſt, than 1 in motion ? The y both equally 
require the omnipotence of God, and this queſtion 
belongs not to the province of philoſophy. 

But when a body has once received motion, it 
preſerves that motion, by 1 its wn nature, or by its 
inertia, in the ſame late, in which it muſt con- 
| flantly remain, until a force, or ſome foreign caule, 
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oppoſe an obſtacle to it. As often, then, as we 
obſerve, that a body does not remain in the ſame 
ſtate, that a body at reſt begins to move, or that a 
5 body in motion changes its direction, or velocity, 
we muſt admit that this change has its cauſe out 
of the body, and that it is occaſioned by a foreign 
force. Thus, as a ſtone, left to itſelf, deſcends, 
the cauſe of that deſcent i is foreign to the body, | 
and it is not from its own nature that the body de- 
ſcends, but from the effect of a foreign cauſe, to 
which we give the name of gravily. . 5 
Gravity, then, is not an intrinſi c property of 
body ; it is rather the effect of: a foreign force, the 
ſource of which muſt be ſought for out of the 
body. This is geometrically true, though we know 
not the foreign forces which occaſion gravity. It 
is the ſame when we throw a Kone. We ſee clearly, 
that 1 it does not follow, in its motion, the direction 
of a ſtraight line, and that its velocity does not al- 
ways continue the ſame. It is gravity, likewiſe, 5 
wahich changes the direction or the velocity of the 
body; but for it, the ſtone would deſcribe a ſtraight 
ne in the air, and proceed forward with the ſame 
5 velocity; ; and were gravity to be ſuddenly annihi- 
lated, during the motion of the ſtone, it would 
continue to move in a ſtraight line, and would 
preſerve the ſame direction, and the ſame velocity, 


which it had at the inſtant when gravity ceaſed to 
act upon it. ID 


1 
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But as gravity acts continually, and upon all bo- 


dies, we need not be ſurprized, that we meet with 
no motion in which the direction and the velocity 
continue the ſame. The caſe of reſt may very well 


take place; it is when ſomething invincibly op- 
| poſes the fall of a body; thus the floor of my 


apartment prevents my falling into that below it. 
But the bodies which appear to us at reſt, are car- 


| ried along by the motion of the earth, which is 


neither rectilinear nor uniform: it cannot be af. 
firmed, therefore, that theſe bodies remain in the 
ſame ſtate. Neither i is there one of the heavenly 
bodies which moves in a ſtraight ine, and always 
with the ſame velocity: they are continually chang- jo 
ing their ſtate; and even the forces which produce 
this continual change are not unknown to us; they 
are the attractive powers which the heavenly bo- 
dies exerciſe over one another. 3 
5 1 have already remarked, that theſe forces may, 
very probably, be cauſed by the ſubtile matter 
which ſurrounds all the heavenly bodies, and fills : 
the whole ſpace of the heavens; 7 but, according to 
the opinion « of thoſe who conſider attraction as 
power inherent in matter, this force 1 is always fo- 
reign to the body on which it acts. Thus, when 
we ſay the earth is attracted toward the ſun, it is 
12 acknowledged, that the force which acts upon the 
earth 1 is not reſident in the earth itfelf, but in the 
ſun; 
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fun ; as in fact, if the ſun did not exiſt, there 
would be no ſuch force. 

This opinion, however, that attraction is effen- 
tial to all matter, is ſubject to ſo many other incon- 
veniences, that it is hardly poſſible to allow it a 
place in a rational philoſophy. It is certainly much 
ſafer to proceed on the idea, that what is called at- 
traction, is a power contained in the ſubtile matter 

which fills the whole f pace of the heavens; though | 
we cannot tell how. We muſt accuſtom ourſelves 
to acknowledge our ignorance on a variety of 
8 other | — ſubjects. | 


nth Menue, 1760. 


dun en the Manads of Wl. 


) EFORE 1 attempt to make you fnfble . 
the truth of the principle, that all bodies, of 


ö | Seng een always preſerve the ſame ſtare of reſt, 


or motion, I muſt remark, that if we conſult « expe- 
rience, only on the ſubject, without thoroughly 1 in- 
veſtigating it by the powers of reaſoning, we would 


be diſpoſed to draw the directly oppoſite conclu- 2 


ſion, 
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as we ſee nothing in the whole univerſe, but a per- 


cd, but out of them. 


poking them continually | to change their ſtate. 


8. As the compound can hare nothing but what 1 18 
founded 


ſion, and to maintain, That bodies always have a 
propenſity to be continually changing their ſtate ; 


petual change 1 in the {tate of bodies. But we have 
juſt ſewn, what are the cauſes which produce 
theſe changes, and we are aſſured, that they are 
not to be found in the bodies whoſe ſtate i is chang- 


The principle, then, which we have eſtabliſhed, 
is ſo far from being contradicted by experience, 
that it is, on the contrary, confirmed by it. Lou 
will eafily judge from this, how ſeveral great phi- | 
loſophers, miſled by an experience not accurately : 
eg have fallen into the error of maintain- 
g, That all bodies are endowed with powers, dif. 


It is thus that Vol has reaſoned. He fays : : 
= 1. Experience ſhews us all bodies perpetually 
changing their ſtate; 2. Whatever is capable of 
changing the ſtate of bodies, is called force; 3. 
All bodies, cherefore, are endowed with a force ca- 
| pable of changing their ſtate; 4. Every body, 
therefore, i is making a continual effort to change ; ; 
: 5. Now, this force belongs to body, only ſo far as 
it contains matter; 6. It is, therefore, a property 
of. matter to be continually changing its own ſtate; 
3 Matter is a compound of a multitude of parts, 
denominated the elements of matter ; therefore, 
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founded in the nature of its elements, every ele- 
' mentary part muſt be endowed with the power of 
changing its own ſtate. 

Theſe elements are fimple beings ; for if they 
were compoſed of parts, they would be no longer 
elements, but their parts would be ſo. Now, a 

fimple being 1 is likewiſe denominated monad ; every 
monad, therefore, has the power of continually 

changing its ſtate. Such is the foundation of the 
ſyſtem of monads, which you may have heard 
mentioned, though it does not now make ſuch a 

noiſe as it formerly did. I have marked by figures 
the ſeveral propoſitions on which 1 it 18 eſtabliſhed, : 


for the purpoſe of making a more diſtinct refer- 


ence, in the reſlections I mean to make upon them. 
1 have nothing to ſay reſpecting the firſt and ſe- 
- cond; but the third is very equivocal, and altoge- 
ther falſe, i in the ſenſe 1 in which it is taken. With- 
out meaning to ſay, that the forces which change 
| the ſtate of bodies, proceed from ſome tp, 1 1 
readily agree, that the force, by w hich the ſtate of 5 
every body is changed, ſubſiſts in body, but, 
being always underſtood, that, it ſubſiſts in 3 
body, and never in that which undergoes the 
change of ſtate; which has rather the contrary 
quality, that of perſevering 1 in the ſame ſtate. In 
ſo far, then, as theſe forces ſubſiſt in bodies, * 
ought to be ſaid, that theſe bodies, as long as they 
have certain connections with each other, may be 


ES 
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capable of ſupplying forces by which the ſtate of 
another body is changed. It follows, that the 
fourth propoſition muſt be abſolutely falſe ; and 
the reſult, from all that went before, rather is, that 
every body is endowed with the power of remaining 
1n the ſame ſtate, which is directly the oppoſite of 
the concluſion which theſe philoſophers have 
drawn. 
And 1 muſt here remark, that it is rather land . 
to give the name of force to that quality of bodies 
by which they remain 1n their ſtate ; 3 for if we are 

to underſtand by the term force every thing that is 5 
capable of changing the ſtate of bodies, the qua- 
| lity by which they perſevere in their ſtate, i ot 
ther the oppoſite of a force. It i is, therefore, by ; 


name of force to the inertia, which is that quality, | 
; and which they denominate the iner. force. 
But, not to wrangle about terms, though this 
abuſe may lead to very groſs errors, 1 return to the 55 
ſyſtem of monads: and as Propoſition 4, is falſe, 
thoſe that follow, which are ſucceſſively founded 0 
upon it, muſt, of neceſſity, be ſo too. It! is falſe, 

then, likewiſe, that the elements of 1 matter, or mo- 

nads, if ſuch there be, are poſſeſſed of the power 
of changing cheir ſtate. The truth is rather to be 
found in the oppoſite quality, that of perſevering 
in the ſame ſtate ; and thereby the whole Atem of 

monads 1 18 completely ſubverted. 


- Theſe 


an abuſe of language, that certain authors give the 
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Theſe philoſophers attempted to reduce the ele. 
ments of matter to the claſs of beings, which com- 
prehends ſpirits and ſouls, endowed, beyond the 
power of contradiction, with the faculty of chang- 
ing their ſtate ; for, while I am writing, my ſoul 
- continually repreſents other objects to itſelf, and 
theſe changes depend entirely on my will: I am 
thoroughly convinced of it, and not the leſs ſo, 
| | ttat I am maſter of my own thoughts; ; whereas the 
| =, changes which take place in bodies, are the effect 
: of an extraneous force. 
: Add to this, the infinite difference between the -- 
fas of body, capable only of one velocity and of 
one direction, and the thoughts of ſpirit, and you 
| ' vill be entirely convinced of the falſchood of the 
1 ꝑ ſentiments of the marerialiſts, who pretend that 
1 ſpirit is only a modification of matter. Theſe gen . 
N 3 tlemen have no knowledge of the real nature of 
_ bodies. : . 
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Origin and N arure 0 | Powers. 


T 3 undoutredly,, very We. that, if 
1 every body has a natural diſpoſition to preſerve 

iefelf- 3 in the ſame ſtate, and even to oppoſe all 
change, all the bodies in the univerſe ſhould, ne- 
vertheleſs, be continually changing their ſtate. We 
are well aſſured, that this change can be produced 


only by a force not reſident in the body whoſe 


ſtate 1s changed. Where, then, r muſt we look for 
: thoſe powers, which produce the inceſſant changes 
_ that take place 1 in all the bodies of the univerſe; 4 
| and which are, nevertheleſs, foreign to body? 1 
Muſt v we, then, ſuppoſe, beſides theſe exiſting bo- 
dies, particular beings which contain thoſe powers ? 
Or, are the powers themſelves particular ſubſtances 


exiſting 1 in the world! ? We know but of two kinds 


of beings in it, the one of which comprehends all 
bodies, and the other all intellectual beings, name- 
ly, the ſpirits and ſouls of men, and thoſe of ani- 
mals. Muſt we eſtabliſh, then, in the world, be- 
ſides body and ſpirits, a third ſpecies of beings, 
under the name of power, or force? Or, are they 
8 ſpirits which inceffantly n the ſtate of bodies? 
Obs b — — 3 Both 
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Both of theſe labour under too many difficulties 
to be haſtily adopted. Though it cannot be de. 
nied, that the ſouls of men, and of beafts, have the 
power of producing changes in their bodies, it 
| were, however, abſurd to maintain, that the mo- 
tion of a ball, on the billiard table, was retarded and 
deftroyed by ſome ſpirit ; or that gravity was pro- 
duced by a ſpirit continually preſſing bodies down- 
ward; and that the heavenly bodies, which, in 
their motion, change both direction and velocity, 
were ſubjected to the action of ſpirits, according 
to the ſyſtem of certain ancient philoſophers, WhO 
affigned to each of the heavenly wan, a — or 
angel who directed its courſe. | 
Now, on reaſoning, with ſolidity, reſpedting the . 
phenomena of the univerſe, it muſt be admitted, 
that, if we except animated bodies, that is, thoſe of 

men and beaſts, every change of ſtate which befalls 

other bodies, is produced by merely corporeal 


cauſes, in which ſpirits have no ſhare. The whole 
queſtion, 1 then is reduced tothis, Whether the forces 


| which change the ſtate of bodies, exiſt ſeparately, | 
and conſtitute a particular ſpecies of beings, or 
whether they exiſt i in the bodies! P. 
This laſt opinion appears, at firſt fi oht, very un- 
accountable z for if all bodies have the power of 
50 preſerving themſelves i in the ſame ſtate, how can it 
be poſſible they ſhould contain powers that have a 
tendency x to — it? You will not be ſurprized 


to 
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to hear, that the origin of force has, in all ages, 
been a ſtumbling- block to philoſophers. They 
have all conſidered it as the preateſt myſtery in 
nature, and as likely to remain for ever impenetra- 
ble. I hope, however, I ſhall be able to preſent 
you with a ſolution, ſo clear, of this pretended 
myſtery, that all the difficulties which have, hither- 
to, appeared inſurmountable, ſhall wholly vaniſh. 
I fay, then, that, however ſtrange it may appear, 
this faculty of bodies, by which they are diſpoſed 
to preſerve themſelves in the fame ſtate, is capa - 
ble of ſupplying powers which may change that of 
others. I do not ſay, that a body ever changes it's 
own ſtate, but that it may become capable of 
85 changing that of another. In orqer to enable you 
to get to the bottom of this myſtery, reſpcting the 
origin of force, it will be ſufficient to confider two - 
bodies, as if no others exiſted. 5 
Loet the body A (plate III. fo. 410 be at roll; 


and let the body B have received a motion in the 


direction B A, with a certain velocity. This being 
laid down, the body A is diſpoſed to continue al- 


ways at reſt; and the body B to continue it's mo- 


tion along the ſtraight line B A, always with the 
ſame velocity, and both the one and the other 
in virtue of it's inertia. The body B will, at 
length, then, come to touch the body A. What 

vill be the conſequence? As long as the body A 
remains at reſt, the body B could not continue 
2 2 - it's 
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it's motion, without paſſing through the body A, 
that is, without penetrating it; it is impoſſible, 
then, that each body ſhould preſerve itſelf in it's 
ſtate, without the one's penetrating the other. But 
this Penetration is impoſſible ; impenetrability be- 
ing a property common to all bodies. 

It being impoſſible, then, that both the one and 
che other ſhould preſerve it's ſtate, the body A 
muſt abſolutely begin to move, to make way for 
the body B, that it may continue it's motion; or, 
that the body B, having come cloſe to the body 
A, muſt have it's motion deſtroyed; or, the ſtate 
of both muſt be changed, as much as is neceſſary, 

to put them in a condition to continue, after. 
ward, each in his proper ſtate, without mutual 
penetration. FE _ 
Either the one body, therefore, or the other, or” - = 
both, muſt abſolutely undergo a change of their 
ſtate, and the cauſe of this change, infallibly exiſts 
in the impenetrability of the bodies themſelves; 
| ſince every cauſe, capable of changing the ſtate of 
bodies, i is demonſtrated force, it is then, of neceſ- 
ſity, the impenetrability of the bodies themſelves, 
which products the ar, by which this Change 1 Is ; 
effected. in 
2 fact, as cr implies the impoſli: 
bility, that bodies ſhould mutually penetrate, e each 
of them oppoſes itſelf to all penetration, even in the 
minuteſt parts; and to oppoſe. itſelf to penetra- 
| ES tion, 
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tion, is nothing elſe, but to exert the force neceſ- 
ſary to prevent it. As often, then, as tWOo or more 
bodies cannot preſerve themſelves in their ſtare, 
without mutual penetration, their impenetrability 
always exerts the force neceſſary to change it, as 
far as is requiſite, | to prevent the ſlighteſt degree of 
| penetration. 5 
The impenetrability of bodies, therefore, con- 
tains the real origin of the forces, which are conti- 
5 nually changing their ſtate in this world: and this 
is the true ſolution of the great we raph which has 
5 98 philoſophers ſo ana 
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7 be fone $ wie. Principle of the leaf 22 Afton . 


FOU have now made very conſiderable pro- 


explanation of the real origin of the powers capa- 
ble of changing the ſtate of bodies; and you are, 
at preſent, in a condition eaſily to comprehend, 
why all thoſe of this world are ſubje& to an inceſ- 
ſant change of ſtate, from reſt o motion, or from 
motion to reſt, | N „„ 


greſs in the knowledge of nature, from the 
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Firſt, we are certain, that the world is filled with 
matter. Here below, it 1s evident, that the ſpace 
which ſeparates the groſs bodies ſenſible to feeling, 
1s occupied by the air, and that, when we make a 
vacuum in any ſpace, the ether inſtantly ſucceeds, 
and it, likewiſe, fills the ſpace in which the hea- 
venly bodies move. All ſpace being thus full, it 
is impoſſible that a body in motion ſhould con- 
tinue it a ſingle inſtant, without meeting others, 


through which i it muſt paſs, if they were not Impe- | 


netrable. And, as this impenetrability of bodies 


exerts always, and univerſally, a force which pre- 


vents all penetration, it muſt be continually chang- 
ing the ſtate of bodies; it is not at all ſurprizing, 
then, that we ſhould obſerve perpetual changes 1 in 
the ſtate of bodies, though every one has a ten- 
dency to preſerve itſelf in the ſame ſtate. 
If they could | penetrate each other freely, nothing 
would prevent any one from remaining perſever- 
ingly | in it's ſtate ; but being impenetrable, there 
muſt thence, neceſſarily, reſult force ſufficient to 
prevent all penetration; and no more reſults than 5 
what is preciſely needful. N - 
While chey can continue in he ſame tate, with- 
out any injury to impenetrability, they then exert 
no force, and bodies remain in their ſtate; it is 
only to prevent penetration, that impenetrability 8 
becomes active, and ſupplies a force ſufficient to 
oppoſe it. When, therefore, : a ſmall force ſuffices 
\ to 
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to prevent penetration, impenetrability exerts that, 
and no more; but when a great force is neceſſary 
for this purpoſe, impenetrability i is ever in a con- 

dition to ſupply it. 
Thus, though impenetrability ſupplies theſe 
powers, it is impoſible to ſay, that it is endowed 
with a determinate force; it is rather in a condi- 
tion to ſupply all kinds of force, great or ſmall, 


hauſtible ſource of them. As long as bodies are 
endowed with impenetrability, this is a ſource 
which cannot be dried up; this force abſolutely 
mäuſt be exerted, or bodies muſt mutually e, ; 

which is contrary to nature. 5 
It ought, likewiſe, to be remarked, chat this op 
force is never the effect of che impenetrability as 
ſingle body; 3 it reſults always from that of all bo- 5 
dies at once, for if one of the bodies was penetra- 
ble, the penetration would take place, without any 
need of a power to effect a change in their ſtate. 
When, therefore, two bodies come into contact, 


5 penetrating each other, the impenetrability of both N 
acts equally; and it is by their joint operation, 
that the force neceflary to prevent the penetration ; 
is ſupplied : we then ſay, that they a& upon each 
| Other, and that the force, reſulting from their im- 
penetrability, produces this effect. This force acts 


2 4 toward 


according to circumſtances; 3 it is even an inex- - 


= and when they cannot continue in their ſtate without 


| upon both of them; for as they have a tendency © 
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toward mutual penetration, it repels both the one 
and the other, and thus prevents their penetration. 
It is certain, then, that bod ies may act upon 
each other; and we ſpeak ſo frequently of this 
action, as when two billiard balls claſh, it is ſaid, 
the one acts upon the other, that you muſt be well 
acquainted with this mode of expreſſion. But! it 
muſt be carefully remarked, that, in general, bo- 
dies do not act upon each other, but in ſo far as 


their ſtate becomes contrary to impenetrability; 5 


5 from whence reſults a force capable of changing 
 - preciſely ſo much as is neceſſary to prevent any 
penetration ; ſo that a ſmall force would not have 
been ſufficient to produce 1 this effect. e 
It is very true, that a greater force would, like- = 
viſe, prevent the penetration; but when the change 5 
: produced in the ſtate of bodies i is ſufficient to pre- 
vent mutual penetration, the impenetrability acts 
no far ther, and there reſults from i it the leaſt force 
that is capable of preventing the penetration. 
Since, then, the force i is the ſmalleſt, the effect 
which it produces, that is, the change of ſtate 
which it operates, in order to prevent penetration, | 
will be proportional; and, conſequently, when two 
or more bodies come into contact, ſo that no one 
could continue in it's ſtate without penetrating the 
others, a mutual action muſt take place, which 1 is 


always the ſmalleſt chat was capable of preventing 
penetration, PIP 


| You 
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You will find here, therefore, beyond all 8 
tion, the foundation of the ſyſtem of the late Mr. 
de Maupertnis, ſo much cried up by fome, and fo 
violently attacked by others. His principle is, 
that of the leaſt poſſible action; by which he 
means, that, in all the changes which happen in 
nature, the cauſe which produces them, i is the leaſt . 
that can be. 3 e 
From the manner in which I have endeayoured 
1 to unfold this principle to you, it is evident, that 
it is perfectly founded in the very nature of body, 

and that thoſe who deny it, are much in the wrong, 


Vo though ſtill leſs than thoſe who would turn it into 


2 ed, that certain perſons, no great friends to Mr. 5 
at the principle of the leaſt poſſible aflion, as well as 


| earth; but, fortunately, truth ſuffers nothing by LS, 
their pleaſantry. ; 
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ridicule. You will already, perhaps, have remark- 


de Maupertuis, take every opportunity of laughing _. 


at the hole continued down to the centre of the 
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LETTER LXXIX. 
| Onthe Section dre there any other Species of P 1 


HE origin of powers, founded on the im- 
penetrability of bodies, which 1 have been 
tee to explain, is by no means incon- 
ſiſtent with the opinion of thoſe who maintain, 
that the ſouls of men, and thole of beaſts, have the 
power of acting on their bodies. There is nothing 
to hinder . the exiſtence of two kinds of power, 
which produce all the changes that take place in 


che world; the one corporeal, which derives ns 


origin from the impenetrability of bodies: ; and 
the other ſpiritual, which the ſouls of animals ( 
exciſe over their bodies: but this laſt power ope- T 

rates only upon animated bodies; * and the Creator 

bas ſo clearly diſtinguiſhed | it from the other, that 

it is not permitted, in philoſophy, | to confound 
them. . : 7 oi 

But this diſtinction greatly e thoſe, . 

| who conſider attraction as an inherent quality of 


bodies ; 5 for, if they act upon each other, only to 5 


maintain their impenetrability, attraction cannot 
be referred to this caſe. Two diſtant bodies may 
preſerve each it's ſtate, without at all intereſting ; 
: their impenetrability, and without there being any 


reaſon, 


A GERMAN PRINCESS. 347 


reaſon, of conſequence, why the one ſhould act 
upon the other, even by attracting it. 
Attraction, therefore, ought to be referred to a 
third ſpecies of power, which ſhould be neither 
corporeal nor ſpiritual. But it is always contrary 
to the rules of a rational philoſophy to introduce a 
new ſpecies of powers, before their exiſtence is in- 
conteſtably demonſtrated. It would have been ne- 
ceſſary, therefore, for this effect, to have proved, 
beyond contradiction, that the powers by which 4 
bodies mutually attract, could not derive their ori- 


0 from the ſubtile matter which ſurrounds ; 


them ; but this impoſſibility is not yet demon- 


ſtrated. It would appear, on the contrary, mm 
5 the Creator has expreſsly filled the whole ſpace of DE 


the heavens with a ſubtile matter, to give birth to 
_ theſe powers, which impel bodies toward each 
other, conſormably to the law, before eſtabliſhed, 
reſpecting their impenetrability. 
In fact, the ſubtile matter might very well have 
motion ſach, as that a body i in it ſhould not be 
| able to preſerve 1 its ſtate, without being penetrated 


1 by it; and, then, this force muſt be derived, * 
well from the impenetrability of the ſubtile matter, . 


: as from that of the body itſelf. 
Were there a ſingle caſe in the world, in ; which | 
two bodies attracted each other, while the inter- 


mediate ſpace was not filled with a ſubtile matter, 85 


the reality of attraction might very well be admit- 
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ted; but as no ſuch cafe exiſts, we have, conſe- 
quently, reaſon to doubt, nay, even to reje it. 
We know, then, but two ſources of all the powers 
which produce theſe changes, the impenetrabilicy 8 
| of body, and the action of ſpirit. 


Le diſciples of Wolf reject, likewiſe, this kw, 
and maintain, That no ſpirit, or immaterial ſub- 


flance, can act upon a body; and they are very . 


= much embarrafſed, when it is alleged, that, PR 
. cording to them, God himſelf, who is a ſpirit, 


could not have the power of acting upon bodies, 


which ſavours ſtrongly of atheiſm. 2 They are, ac- 


cordingly, reduced to this feeble reply, that 1 it is _ 
by infinity God i is able to act upon body; s but if 


be impoſſible for a ſpirit, as a ſpirit, to act upon „ 


body, this impotence neceſſarily recoils on God ; 
himſelf. And who can deny, that our ſoul acts CN 
upon our body? I am to ſuch a degree maſter of - 


© my members, that 1 can put them in action as 1 
pleaſe. The ſame thing may be affirmed, like- 


-* "wile, of the brute creatton ; and as, according ta: 


the ſyſtem of Deſtartes, at which we have good 


reaſon to ſmile, beaits are mere machines, without _ 


any feeling, like a watch, as the Wolfians would 


| have i it, men too are merely machines. 3 


Theſe fame philoſophers, in their 3 ” 
g0, likewiſe, ſo far as to deny the firſt ſpecies of 
powers, of which they know nothing. For, not 


being able to comprehend how one body acts upon 
another, 


A GERMAN PRINCESS. 3249 


another, they boldly deny its action, and maintain, 
that all the changes which befall a body, are pro- 
duced by its own powers. 
They are the philoſophers whom I formerly 
mentioned, as denying the firſt principle of me- 
chanics, reſpecting the preſervation of the ſame 
ſtate, which is ſufficient to ſubvert their. hole ſyſ- 
tem. The error into which they have fallen, as 
” havea Iready remarked, ariſes from their reaſoning : 
inconcluſively reſpeCting 1 the phenomena which bo- 
dies preſent to us. They concluded precipitately, 
from obſerving almoſt all bodies continually chang- 
ing their ſtate, that they contained in themſelves the 
powers, by which they inceſſantly exert themſelves 
to change it, whereas they ought. to bave draun 


dle directly oppoſite concluſion. 


It is thus, that, by conſidering objects ir in a a ſuper: ; 
cial manner, we burry into the groſſeſt errors. I 
have already pointed out the defects of this reaſon- 

ing; but, once fallen into error, they have aban- 


doned themſelves to the moſt abſurd ideas. They, 
firſt, aſcribed theſe internal powers to the primary . 
elements of matter, which, according to them, are 


continual efforts to change their ſtate, and con- 


-- aided from i it, that all the changes to which every 


element is ſubjected, are produced by its own. 


power, and that two elements, or ſimple beings, _ 


cannot act upon each other. This being laid 
down, it was neceſſary to diveſt ſpirits, as ſimple 
| beings, 
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beings, of all power of ating upon body; except 
ing, however, the Supreme being; and then, as 
bodies are compoſed of ſimple beings, they were 
under the neceſſity of denying, alſo, chat _ 


could act upon each other. 8 
It was in vain to object to them, the caſe of bo. 


dies which claſh, and che change of their ſtate, 
which reſults from it. Obſtinately prepoſſeſſed in 
favour of the ſolidity of their reaſoning, they 
ſcorned to abandon it: they choſe rather to affirm, = 

| that every body, from its own nature, produces the 
= change which befals it, and that the collifion has 


nothing to do with it; that! it is a mere illuſion 


which makes us believe the colliſion to be the i 


cauſe of it; and they go off in triumph at the ſu- 


EY blimity of a philoſophy, fo far beyond the compre- 


| henſion of the vulgar. You are now in a condi. | 


- tion to o eſtimate. 15 according t to its real | import. 7 


3 


LETTER 
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LETTER LXXX. 
Of the Nate of Spirit 


- FLATTER myſelf, that you are now con- 
1 vinced of the ſolidity of the reaſonings, on 
which I have eſtabliſhed the knowledge of bodies, 
and that of the powers which change the ſtate of 
them. The whole i is founded on experiments the 
moſt deciſive, and on principles dictated by reaſon. 
They involve no abſurdity, nor are they contra- 
dicted by other principles, equally certain. It is : 
not long ſince any ſucceſsful progreſs was made i in 
reſearches of this kind. Such ſtrange ideas were, 
formerly, entertained reſpecting the nature of bo- 
dies, that all kinds of powers were aſcribed to 
them, of which ſome muſt neceſſarily deſtroy the 


- others. 8 


8 philoſophers have: even gone fo far, "" 

0 imagine, that matter itſelf might be endowed 

with the faculty of thought. Theſe gentlemen, 
known by the name of materialiſis, maintain, that 


our ſouls, and all ſpirits, in general, are material; 


=: rather, they deny the exiſtence of ſouls and ſpi- 
rits. But when once we have got into the right 
- road to the knowledge of bodies; the inertia, . by 


virtue of which they continue in their ſtate; and 
 impenetra- 
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impenetrability, that quality by which they are ſub- 
jected to powers capable of changing it; all thoſe 
_ phantoms of powers, to which I alluded, vaniſh 
away, and nothing appears a more glaring abſur- 
dity than to affirm, that matter is capable of 
thought. To think, to judge, to reaſon, to poſ- 
ſeſs mental feeling, to reflect and will, are qualities 


incompatible with the nature of bodies; 3 and be- 


ings inveſted with them, muſt be of a different 
nature. Such are ſouls and ſpirits ; ; and He who 
| poſſeſſes thoſe qualities i in the  bigheſt degree, is 
Gov. 8 . | SE 
There i is, then, a an infinite Ailferencs, between 5 
body and ſpirit. Extenſion, inertia, and i impene- 
trability, qualities which exclude all thought, are 
the properties of body : but ſpirit is endowed with 
the faculty of thinking, of judging, of reaſoning, 
D of feeling, of reflect ing, of willing, or of deter- - 
mining, in favour of one object preferably to an- 
other. There 18 here neither extenſion, nor inertia, . 
nor impenetrability; theſe material deen are 5 
: infancy remote from ſpirit. | = 
It! 1s aſked, What! 1s Aa ſpiric ? ? 1 n my 5 
ignorance in reſpect of this, and I reply, That we 
cannot tell what it is, as we know nothing of the 


nature of ſpirit. 


But it is not the leſs certain, * * 3 
cqpiains two kinds of beings ; beings corporeal or 


material, and beings inmaterial or ſpiritual, which 


are 
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ure of a nature entirely different, as they manifeſt 
themſelves to us by properties which have no rela- 
tion to each other. Theſe two ſpecies of beings 
are, nevertheleſs, moſt intimately united, and upon 
their union, principally, depend all the wonders of 
the world, which are the delight of intelligent be- 
ings, and lead them to glorify their CREATOR. 

It is certain, that ſpirits conſtitute the principal 
part of the world, and that bodies are introduced 
into it merely to ſerve them. For this reaſon 1 It is, 
that the ſouls of animals are in an union ſo inti- 

mate with their bodies. Not only do the fouls 
perceive all the impreſſions made upon their bo- 
dies; but chey have the power of acting upon 5 
kheſe bodies, and of producing in them corre- 
ſponding changes: : and thus they exerciſe an ac- 
tive influence over the reſt of the world. a 
This union of the ſoul with the body, n 5 
| _ edly, is, and ever will be, the greateſt myſtery ww 
the divine Omnipotence, a myſtery which we ſhall 
never be able to unfold. We are perfectly ſenſible, 
chat the human ſoul cannot act immediately on all 
he parts of the body; as ſoon as a certain nerve 
is cut, I can no longer fold my hand: from which 
it may be concluded, that the ſoul has power only | 
5 over the extremities of the nerves, which all ter- 
minate and unite in a portion of the brain, the | 
place of which the moſt ſkilful anatomiſt is unable 
exact. to aſſign. To this, then, the power of the 
— Jo JL. NE foul 


“*in Io 


ſoul is reſtricted. But that of God, being unlimit- 
ed, extends to the whole univerſe, and exerts itſelf 
by r means which far exceed our comprehenſion. 


197% Nevember, 1760. 


LETTER. IAXXL | 
of, the Us nion | between the Soul and the Body 


'Y iris and bodies are 8 or See, ; 
+44 of 4 nature totally different, the world con- 
rains, then, two kinds of ſubſtances, the one ſoiri- 
: tual, and the other corporeal, or material. The ſtrict - 
union which ſubſiſts | between chem merits a very 
particular attention. = 8 
; This union of ſoul and body, i in every animal, 
is a moſt wonderful phenomenon. It is reduced 
to two things, the one, that the ſoul feels, or per- 
ceives, all the changes which befal ! its body, by 


means of the ſenſes, which, as you know perfectly 


well, are five in number, namely, ſeeing, hearing, 
TT ſmelling, taſting, and touching. By theſe, then, 
the ſoul takes cognizance of every thing that paſſes, 

not only in its own body, but out of it. Touching 


= and taſting repreſent to it thoſe objects only which 
are 


A GERMAN PRINCESS. 355 


are in immediate contact with the body; ſmelling, 
objects at a {mall diſtance ; hearing extends to diſ- 
tances much more remote ; and fight procures for 
us the knowledge of the moſt diſtant objects. 
All this knowledge 1 is acquired, only in fo far as 
the objects make an impreſſion on ſome one of our 
: ſenſes, but ſtill, this is not ſufficient, it is neceſſary, 
that the organ of ſuch ſenſe ſhould be perfectly 
ſound, and the nerves belonging to it muſt not be 
deranged. You will recollect, that, in order to ſee, 
the objects muſt be painted diſtinly i in the bottom 
- of the eye, on the retina ; but till, this repreſenta- 
tion is not the object of the ſoul; one may be 


15 blind, though | it 1s perfectly well expreſſed. The 


retina is a contexture of nerves, the continuation 5 


of which extends to the brain; and if this conti- 
; nuation ! is interrupted. by any injury done to this 
5 nerve, called the optic nerve, there will be no fi ight, 5 
however perfect the repreſentation on the retina 
may „ e e 
lt is the fame with reſpect. to the other Kate, 7 


all of which operate by means of nerves deſtined 


to cor vey the impreſſion made on the organ, em- 5 ” 
ployed in the ſenſation, up to its firſt origin in the 


brain. There is, then, in the brain, a certain 


place where all the nerves terminate; there the ſoul 


reſides, and there perceives the impreſſions made 5 
upon it by means of the ſenſes. 5 
From theſe impreſſions, the ſoul derives all the 

Aa 2 Know- 


. Thus I am able to move my hands and my feet Z 


however, cannot act immediately on any one of 
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knowledge i it has of things out of itſelf; thenes i „ 


derives its firſt ideas, and by their combination 
forms judgments, reflections, reaſonings, and every 
thing neceſſary to perfect its knowledge ; ſuch is 
the work of the ſoul, in which the body has no 
ſhare. But the firſt impreſſion comes to it from 
the ſenfes, through the bodily organs: and the 
firſt faculty of the ſoul is to perceive, or to feel, 
What paſſes in that part of the brain, in which all 
the ſenſitive nerves terminate. This faculty is de- 


nominated feeling, or ſenſation, and the ſoul, nearly 


= paſſive, does nothing, i in the firſt inſtance, but re. 


ceive che . which the OY Preſents 
to „ „ 
But it poſſefles, in its turn, an active faculty, 
by means of which it has che Power « of influencing 
its body, and of producing motions in it, at plea- 
ſure: in this conſiſts its power over the body. 


by an act of my will; and, What motions are my 
fingers waking, as I write this letter ? My ſoul, 


my fingers; 3 order to put a ſingle one in motion, : 

1 it 18 neceſſary that ſeveral muſcles ſhould be put 
in action, and this action, again, exerts itſelf by 

means of nerves terminating in the brain : : if ſuch 


a nerve be injured, to no purpoſe will I wiſh my 


finger to move; it will no longer obey the orders 
—f my foul: thus ne power of my ſoul extends 
. 
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only to a ſmall portion of the brain, where all the 
nerves unite ; ſenſation is likewiſe reſtricted to this 
place of the brain. 
| The ſoul, then, i is united only with wee extre- 
mities of the nerves, on which it has not only the 
| power of acting, but by means of which it can 
view, as in a mirror, every thing chat makes an 
impreſſion on the organs of its body. What won- 
derful addreſs, to be able to conclude, from the 
light changes which take place in the extremity 
of the nerves, that which occaſioned. them out of 
the body ! : 7 
>>. A Wn; for example, produces on the retina, by 5 
its rays, an image which is perfectly ſimilar to it: 
but how feeble muſt the impreſſion be which the 1 
nnerves receive from it! It ! 1s this impreſſion, how 
ever, continued along the nerves up to their origin, 
. Which excites in the ſoul the idea of that _ 
Afterwards, the ſlighteſt impreſſions which the ſoull 
makes on the extremities of the nerves, are inſtantly . 
communicated to the muſcles, which, put in ac- 
e oblige the member which it wills to move, ; 
exactly to obey i its orders. ; . | 
Machines, which receive certain motions by the 
drawing of a ftring, preſent but a coarſe mecha- 
niſm, compared to our bodies and the bodies of 
animals. The works of the Creator infinitely ſur- £ 
paſs the productions of buman Kall, 
24 December, 1760. 
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LETTER LXXXI. 
5 Different Meme 5 | relative to oa § 
IN order to clucidate the twofold 1 union of ſoul 
and body, we may compare the ſoul to a man, 


55 who contem plates, i it a dark room, the external ob- 
jects, and from their images derives the knowledge 


- of what is paſſing out of the room. The ſoul 


viewing, in like manner, if 1 may ſo expreſs my- 
ſelf, the extremitics of the nerves, which unite in a 
certain part of the brain, perceives all the impreſ- | 
N ſions made upon the nerves, and arrives at the 
knowledge of the external objects, which have 
made theſe impreſſions. on the organs of ſenſe. 
Though we do not know wherein conſiſts the re- ; 
ſemblance. of the impreſſions made on the extre- 
mities of the nerves, with the objects themſelves 
which occaſioned them, they are, however, very © 
proper to ſupply the foul with a very mn idea of 
them. Ls ; 
The action by which the ſoul, operating on | the 


| extremities - of the nerves, can put 1n motion, at 285 


pleaſure, che members of the body, may be com- 
pared to that of a player on puppets, who, by 
pulling a ſtring, makes them ſtrut about, and 5 
move their limbs as he pleaſes. | This compariſon 
3 
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is, however very imperiect, for the union of the 
ſoul and body is infinitely more intimate. 

The ſoul is not ſo indifferent, in reſpect of feel- 
ing, as the man placed in the dark room; It is 
much more deeply intereſted in what is going on. 
There are ſenſations highly agreeable to ii, and 


others very diſagreeable, and even painful. What : 
more diſagreeable than acute pain, though it pro- 
ceed but from a bad tooth : This, however, is no 
more than a nerve irritated in a certain manner 


and yet it excites, in the ſoul, pain intolerable. 


In whatever light we conſider the ſtrict union of : 

7+ foul and body, which conſtitutes che eſſence of a 
living man, it muſt. ever remain an inexplicable | 

myſtery; and, in all ages, philoſophers have taken | 

_ fruitleſs pains, in the hope of arriving at a fatis« ” 
factory ſolution. Various ſyſtems have been de. 


| viſed in this view. 


The firſt is, that by which a real Iſlamic: is 
eſtabliſhed of body on. ſoul, and of ſoul on body ; 
ſo that the body, by means of the ſenſes, ſupplies 
the ſoul with! its firſt perceptions of external things; 1 
and that the ſoul, by acting immediately on the 
nerves, in their origin, excites in the body the 
motion of its members; though it is, at the ſame 
time, acknowledged, that the manner of this mu- 
tual influence is abſolutely unknown to us. We 


muſt, undoubtedly, have recourſe to the omnipo- 


tence of God, who has given to every ſoul, a power _ 


* 5 1 over 
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over the portion of matter containing the extremi· 

ties of the nerves of the body, ſo that the power of 
every ſoul is reſtricted to a ſmall part of the bedy, 
whereas the power of Gad extends to all the bodies 
of the univerſe. This ſyſtem ſeems the moſt con- 
formable to truth, though we are very far from | 
pretending to have a particular knowledge of it. 
The other two ſyſtems are the invention of phix 


n who boldly deny the poſſibility of a real 


influence of ſpirit upon bodies; though they are 


under the neceſfity of allowing It to the Supreme 
5 Being. According to them, the body cannot ſup- 


nor the ſoul produce any motion in the body. Eo 
One of theſe two ſyſtems was the invention of 


Pluy the ſoul with the firſt ideas of external things, 5 


. Deſeartes ; z it goes by the name of the ſyſtem of occa- 5 


. feonal cauſes. Accor ding to this philoſopher, when : 
the organs of ſenſe are excited by exterior bodies, 


: jinſtant, the ideas of theſe bodies ; and when the 


God immediately impreſſes on the ſoul, at thelame = 


| foul wills, that any member of this body ſhould 


move, till it is God, who immediately impreſſes, 
on that member, the motion defired, but all the _ 
while, the ſoul is in no manner of connection with = 


its body. It was, therefore, altogether unneceflary, ; 
that the body ſhould be a machine of ſuch admi- 
rable conſtruction, as the dulleſt maſs would have 
 anfirered the purpoſe equally well. 


WE ſyſtem, accordingly, loon loſt much Fl 1 
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its place, that of the re-eſtabliſhed harmony, 


which you have, no doubt, frequently heard men- 


tioned in converſation. 


According to this ſyſte'm of pre-eftabliſhed har- 
mony, the ſoul and the body are two ſubſtances out 
of all connection, and exerciſing na manner of in- 
fluence on each other. The ſoul is a ſpiritual ſub- 
| ſtance, which, from its own nature, receives, or af- 
ſumes, all its ideas, its thoughts, its perceptions, 
'. without the body's having the leaſt ſhare in the 
matter; and the body is a machine moſt i ingeni- 
_ ouſly conſtrued, like a clock, which produces all 
its motions, in ſucceſſion, without any manner of 
| Influence on the part of the ſoul. But God, hav- 
ing foreſeen, from the beginning, all the reſolu- 
tions, which every ſoul would at every inſtant 
form, arranged the machine of the body, ſo as that 
its motions ſhould, at every inſtant, harmonize 
8 with the reſolutions of the ſoul. Thus, when I 
this moment raiſe my hand, Leibnitz ſays, chat 
| God having foreſeen my ſoul would will, at this 
moment, my hand to be raiſed, diſpoſed the ma 
chine of my body 1 in ſuch a manner, that, in vir- 


tue of its proper organization, my hand ſhould 


veceſſarily riſe at the ſame inſtant; and, in like 
manner, that all the motions of the members of 


365 
eredit, when the celebrated Leibnitz ſubſtituted; in 


the body are performed in virtue of their proper 
1 organization, 5 
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” organization, which has been, from the beginning, 
ſo diſpoſed, as to be at all times in — with 
the determinations of the ſoul, 
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; Examination of the e of pre-elabl 2 Hannon : 
. 70 e 70 Co 


FRE was a time, when the e of pre. 


eſtabliſned harmony had acquired ſuch a 


high reputation oyer all Germany, that to dare to 


callitin queſtion was to incur the imputation of 
ignorance, Qr bigotry. The ſupporters of this ſyſ⸗ 
tem boaſted, that, by means of it, the omnipotence | 
and omniſcience of the Supreme Being were ſet in 
their cleareſt light, and that it was impoſſible . 
any one, who believed in theſe exalted perfections 5 
of God, to entertain a doubt of the truth of this 
ſublime ſyſtem. 3 
In fact, ſay they, we ſee, that poor, pitiful mor- 
tals, are capable of conſtructing machines ſo 1 ingent- 
5 ouſly, as to fill the vulgar ſpectator with aſtoniſh- 
ment: how much ſtronger reaſon, then, have we 


to 
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to admit, that God having known, from all eter- 
nity, all that my ſoul would with and defire, at 
every inſtant, ſhould have been able to conſtruct 
ſuch a mack ine, which, at every inſtant, ſhould 
produce motions conformable to the determi na- 
tions of my ſoul ? Now, this machine is preciſely 
my body, which 1s united to my ſoul, only by this 
| harmony; . ſo that if the organization of my body 
were deranged to ſuch a degree, as to be no longer 
in harmony with my | ſoul, this body would no more 
belong to me, than the body of a rhinoceros in the 
heart of Africa: and = in the caſe of 4 derange- 
ment of my body, God ſhould adjuſt. that of a 
: rhinoceros, ſo that its motions were in ſuch bar- 
mony with the determinations of my ſoul, as to : 
raiſe its paw at the moment I willed i itz this body f 
would then be mine, and would belong to my ſoul, 
as my preſent body now belongs to it, withour 95 
having undergone itſelf, on that account, any ; 
change whatever. - 
Mr. Leibnitz himſelf has . the 5 Ry 
the body to two clocks, which continually indicate _ 
the ſame hour. A clown who ſhould ſee this beau- _ 
| tiful barmony of theſe two clocks, would, undoubt- 
edly, c conclude, that they ated upon each other, 
bur he would be under a miſtake, for the one per- 
forms its motions independently of the other. The 
foul and the body are, likewiſe, two machines to- 
ally independent, the one being ſpiritual, the other 


material; 
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material; but their operations are always in a har. 
mony ſo complete, that we are induced to believe 

them to belong to each other, and that the one has 

a real influence upon the other, which! is, houever, 1 
à mere illuſion. 


In order to form a judgment * this ſyſtem, 2 
5 Wink, firſt, That it cannot be denied to be poſ- 
flble for God to create a machine, which ſhould 


be always in harmony with the operations of my 


ſoul; but it appears to me, that my body belongs 5 
to me by other rights, than ſuch a harmony, how- 


ever beautiful it may be; and, I believe, you will 


not be diſpoſed haſtily to adopt a ſyſtem, which is 
5 founded on this principle alone, that no ſpirit ay 
act upon a body; and that, reciprocally, a body 
cannot act upon, or ſupply ideas to, a ſpirit. This © 


: principle! is, beſides, geſtitute of all proof, the chi, 
meras of its partizans, reſpecting ſimple beings, 
having been completely refuted. And if God, 


Who is a ſpirit, has the power of ating upon ä 

dies, it is not abſolutely impoſſible, that a ſpirit, 
doch as the human ſoul, ſhould be able, likewiſe, 
N De act upon a body. Accordingly, we do not pre- 
tend to fay, that our foul acts upon all bodies, . 
only upon a ſmall particle of matter, with reſpe& = 


to which it has received the power of God himſelf, 
: though to exerciſe 1 it in a manner which We are 
utterly unable to comprehend. 5 1 
1 Farther, the ſyſtem of pre: eſtabliſhed harmony 1 
33 
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labours under other great difficulties. According 


to it, the ſoul derives all its knowledge from its 


own proper fund, without any contribution on the 
part of the body and the ſenſes. Thus, when I read 
in the Gazette, that the Pope is dead, and I come 
to the knowledge of the Pope's death, the Gazette 


and my reading have nothing to do with the com- 


munication of this knowledge, as theſe circum- 


ſtances reſpect only my body and my ſenſes, which | 
have no manner of connection with my ſoul. But, 


conformably to this ſyſtem, my ſoul derives, at 


the ſame time, from its own proper fund, the ideas : 
which i it has of this ſame Pope. It concludes, he- 1 
- muſt abſolutely be dead, and this knowledge ” 
comes to it with the reading of the Gazette, fo that 
I imagine the reading of che Gazette furniſhed me 
with this knowledge, though I: really derived it . 


from the proper fund of 1 my ſoul. 


-- But this idea i is perfectly abſurd. How was it 8 
: poſſible: for me ſo boldly to aſſert, that the Pope 
muſt neceſſarily have died, at the moment men- 
1 tioned 1 in the Gazette, and that, only from the idea as 
which 1 had of the Pope“ s condition and health, 
though, perhaps, : knew nothing about him, 
while I am infinitely better acquainted with my 
om ſituation, without knowing, however, what 
5 ſhall befal me to- morrow. 3 
. like manner, when you do me the n to 
read theſe letters, and derive che knowledge of 
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ſome truth from them, it is your ſoul which ex- 
tracts that truth from its own proper fund, with- 
out my contributing at all to it by my letters. 
The reading of them ſerves only to maintain the 
harmony which the Creator meant to eſtabliſh be- 
tween the ſoul and the body. It is only a forma- 
lity, altogether ſuperfluous, with reſpect to the 
knowledge itſelf. I ſhall, nevertheleſs, continue 0 
tender you my inftruQions. | 


: 905 R 1760. 8 


L E T T E R LAXXIV. | 


| Another Ohh. 


f HERE 1s another objeRion te to be ani to | 
the ſyſtem | off Pre- eſtabliſhed harmony > 
namely, that \ it 18 utterly deſtructive of human li- 
be ty. 1o fact, if the bodies of men are machines, = 


ſimilar to a watch, all their actions are a neceſſary e 


conſequence of their conſtruction. Thus, when a 


thicf ſteals my purſe, the motion mace by his hands : 
is an effect as neceſſary of the machine of bis body, 

as the motion of che hand of my clock, now point- 

og to nine. You will readily comprehend what 


be the concluſion. . As it would be unjuſt, 
nay, 
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nay, ridiculous, to think of being angry at the 
clock, and of chaſtiſing it, becauſe it pointed to 
nine, it would be equally ſo, with reſpect to the 
thief, whom it would be abſurd to puniſh for hav- 
ing ſtolen my purſe. 
Of this we had a well-known example, in the 
reign of his late Majeſty, when Mr. Wolf taught, 
at Halle, the ſyſtem of the pre- eſtabliſhed har- 
nony. The King informed himſelf of this doc- 5 
trine, which was then making a prodigious noiſe ; 
and one of his Court having ſuggeſted to him, 
| that, according to Mr. JYolfs doctrines, ſoldiers 
were mere machines, and that when one deſerted, 
it was a neceſſary conſequence of his particular 


- ſtructure, and therefore ought not to ſubject him 


to puniſhment, as would be the caſe, were a ma- 
chine an object of puniſhment, for having per- 
” formed ſuch and ſuch a motion ; the King was ſo 
| L provoked, at this repreſentation, chat he gave or- 


ders to baniſh Molff from Halle, with certifica- 


tion, that if he was found there, at the end of 
5 twenty- -four hours, be ſhould be hanged up. The 


philoſopher upon this took reſuge at Marburg, ne, 


where I coverſed with bim ſoon after, 
But the partiſans of this ſyſtem bave always 
maintained, that the pre- eſtabliſhed harmony by 
no means encroached on human liberty. They ad- 
mit, that the exterior actions of men are neceſſary : 
effects of the nenten of the body, and that, 
in 


- — — ſ —— q — — 


In this reſpect, they take place as cih as thi 
motions of a watch: but, that the mental deter- 


— — — 


Lxrrans 10 


mination enjoyed perfect liberty: that theſe may 


be deſerving of puniſhiment, though the cor- 
poreal action was neceſſary: that the criminality b 
of an action conſiſts leſs in the act, or motions of thße 
body, than in the reſolution or intention of the ſoul, 
which remains entirely free, Let us conceive, lay 
they, the ſoul of a thief, determining, at a certain 
time, to commit a robbery : God having foreſeen 
this intention, has provided 1 it with a body, orga- 
nized in ſuch a manner, as to produce, preciſely 
at the fame time, the motions rquiſite for he 
commiſſion of this robbery : the action, lay they, : 
18 itſelf the neceſſary effect of the organization of 
the body, but that the intention of the thief 1 isa 
| free aft of his ſoul, which is not, on that account, 
leſs culpable, and leſs puniſhable. 


Notwithſtanding this reaſoning, the ſupporters 


« the ſyſtem of pre-eftabliſhed harmony will al. 
- "ways find themſelves very much embarraſſed to 
maintain the liberty of the determinations of the 
ſoul. For, according to them, the foul is r 
ſimilar to a machine, though of a nature totally 
different from that of the body; the repreſentations 
produced in it are occaſioned by thoſe which pre- 
| cede, and theſe again by others anterior to them, 
and ſo on, ſo that they follow each other, as necef- 
— farihy as the motions of a machine. In fact, ſay 


they, 


they, men act always from certain motives, founded 
on the repreſentations of the ſoul, which ſucceed 


each other conformably to its ſtate. 
You will recollect, that, according to this ſyſ- 


tem, the ſoul derives no one idea from the body, 
not being i in any real connection with it; but all 
from its own proper fund. Preſent ideas flow from 
thoſe which preceded, and are a neceſſary conſe- 

quence of them; fo that the ſoul i is nothing leſs 
than maſter of its own ideas, which generate its re- 


ſolutions, and which are, therefore, as little under 


its power: and, conſequently, all its actions are 
e on its preſent ſtate, that on the immedi- 


ately pteceding, and ſo on, are a neceſſary effect 


of the firſt ſtate in which it was created, over 
which it certainly could have no power, and, of 
conſequence, could not be free. In depriving men 
of their liberty, all their actions become neceſlary, T 
and can no longer be confidered : as either right or | 


5 i criminal. 


No one of thoſe philolophers has hitherto been = 
| able to remove theſe difficulties ; ': and their adver- 
faries have a right to object to them, that this opi- : 
nion is ſubverſive of all morality, : and makes every 


crime, which men commit, to recoil on God him- 
ſelf, which 1 is, undoubtedly, the grofleſt | impiety. 


We muſt not, however, load them with the impu- 
tation of ſuch conſequences, though they flow 
The article 


of 


very naturally from their principles. 
Vor. he Bb 
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of liberty 1 is a ſtumbling block in philoſophy ; : and 
it is extremely difficult to ſteer clear of the dangers 
which preſs on all fides X. 


13th December, 1760. 


* The King of Pruſſia (Frederic IT. though no o believer i in 5 
the pre · eſtabliſned harmony, haſtened to do juſtice to Wolf, the 
moment he mounted the throne. The original cauſe of his per- 
ſecution was the reſentment of an eccleſiaſtic, jealous of Wolf, 
as Voetius was of Deſcartes. The pride of men of this deſcri - 
tion, has long endeavoured to ſubject thought itſelf to their opi- 
nions, or to their intereſt ; but the world begins to entertain for 
them the horror and the contempt which they deſerve #.  _ 
Beſides, theſe objections, reſpecting liberty, are not peculiar 8 
to the ſyſtem of pre-eſtabliſhed harmony, but common to all. R 
is certain, that in ſuch and ſuch circumſtances, I will perform 3 
ſiüuch an action, and yet I ſhall have the power of acting other · 
; wiſe. This action will N take . but not at - 
. This! is the real 8 Z. 


0 bean one pruſſian * was 1 and a | bigot, 3 Ms. 
15 cording to Mr. Condorcet, he permits himſelf to brand the whole order 

with the imputation of theſe odious qualities. The impartial Reader 
will judge, whether it is not as poſſible for a philoſopher and a free 1 
15 thinker to be uncandid and 2 as for an eceleſiaſtic.—E. „ 
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LETTER LXXXV. 


Oo the Liberty of Spirits; : and a Reply to ON 
againſt Liberty. 


Tue greateſt difficulties on the fubje& of 1 li- 


berty, even thoſe which appear inſurmount- 


able, ariſe from want of diſtinguiſhing, with ſuffi- 


cient attention, between the nature of ſpirit, and 
that of body. The Wolffian philoſophers « even go 
ſo far as to put ſpirits, and the elements of body, on 
the ſame footing, and give to both the one and 
5 the other, the name of monads, the nature of which, 

p according to chem, conſiſts in the power of chang- 
ing their ſtate; from whence reſult all the changes 
in bodies, and all the repreſentations and actions 


of ſpirits. 
Since, then, in this ſyſtem, the actual ſtate of 


5 bodies, and of ſpirits, derives it's determination 
from that which immediately Preceded ; and, as 
duke actions of ſpirits are derived, like thoſe of bo- 
dies, from their preceding ſtate, it is evident, that 


liberty 1 1s no more an attribute of ſpirit, than it is 
of body. As to body, it is impoſſible to conceive 
the leaſt ſhadow of liberty in it : for liberty always 
ED ſuppoſes the power of committing, of admitting, 


or of ſuſpending an action, and this is directly op 


|  poſite to all that paſſes in body. Would it not, 
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then, be ridiculous to expect that a watch ſhould 
point to any other hour than what it actually does, 
and to think of puniſhing it on that account? 
Would it not be abſurd to fly into a paſſion at a 
puppet, becauſe, after ſeveral other e it had 
turned it's back to us? 
All the changes which take place i in bodies, and 
which are all reducible to their ſtate of reſt, or of 
motion, are the neceſſary conſequence of the powers 
which act upon them; and their action once ad- 
mitted, no changes 1 in bodies can take place, but 
preciſely ſuch as do take place: what reſpects body, 
therefore, is an object of neither praiſe nor blame. 
However ingeniouſly a piece of mechaniſm may 
be conſtructed, the commendation, which we be- 
ſtow upon it, reverts to the artiſt ; ; the machine | It- 
ſelf has no intereſt in what paſſes ; the artiſt, too, 
is alone reſponſible for the defects of a clumſy and 
aukward machine ; the machine itſelf is perfectly 
innocent. While, therefore, the enquiry is re- 
ſtricted to bodies, they are, clearly, in no reſpect - 
reſponſible z no reward, no puniſhment can poſh- 
bly attach to them ; all the changes and motions, 
produced i in them, are the neceſſary andern N 
of their ſtructure. 
But fpirits are of a very different nature, and 
their actions depend on principles directly oppo- 
ſite. Liberty, entirely excluded from the nature 
of body, is the eſſential portion of ſpirit, to ſuch 
— 15 a degree, 
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a degree, that without liberty, a ſpirit could not 
exiſt; and this it is which renders it reſponſible 
for it's actions. This property is as effential to 


ſpirit, as extenſion, or impenetrability is to body; 


and, as it would be impoſſible for the divine Om- 
ni potence itſelf to diveſt body of theſe qualities, it 


would be equally impoffible for it to diveſt ſpirits 
of liberty. A ſpirit without liberty, would no 
longer be a ſpirit, as a body without extenſion 


| would no longer be a body. 


It has, in all ages, been a ſubject of eager | in- 
N quiry among philoſophers, How God could have 
permitted ſin to enter into the world ? Had they 
reflected, that the ſouls of rx men are beings neceſſa- 
rily free, from their very nature, the controverſy 


would have been eaſily ſettled. 


The objections, commonly made to human 1. | 
berty, are theſe: A ſpirit, it is ſaid, or a man, is 
never determined to an action, but from motives; 
and after having carefully weighed the reaſons, on 
both ſides, he finally decides in favour of that which 
he deems the preferable. Hence they conclude, N 
that motives determine the actions of men, juſt as 


the motion of a ball, on the billiard table, 1s deter- 


mined by the ſtroke impreſſed upon it, and that 
the actions of men are no more free than the mo- 
tion of the ball. But it muſt be confi dered, that 
the motives which engage a man to undertake any 
enterprize, refer very differently to the ſoul, from 
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what the ſtroke does to the ball. The ſtroke pro- 
duces it's effect neceſſarily; but a motive, however 
powerful, prevents not the action from being vo- 
luntary. I had very powerful motives to under- 


| take a journey to Magdeburg: a regard to my 


promiſe; the proſpect of enjoying the felicity of 
paying my reſpects to your Highneſs; but I am 5 
perfectly ſenſible, at the ſame time, that 1 was not 
forced to it: and that it was entirely in my own 
power to take that j journey, or to have remained = 


: Berlin. But a body, impelled by any power, neceſ- 
farily obeys, and it cannot be affirmed, that it was 8 


at liberty to obey, or not, as it pleaſed. 


The motive, which determines a ſpirit to regu- 


late it's reſoly« es, is of a nature wholly different : 
from a cauſe, or force, acting upon body. Here, 
the effect is produced neceſſarily; and there, the 
effect remains always voluntary, and the ſoul has 
| power over it. On this is founded the imputability 
of the actions of a ſpirit, which makes it reſponſi- 
ble for them, and which | 18 the true foundation of 
right and wrong. As ſoon as we have ſettled this 
infinite difference between ſpirit and body, the 


queſtion reſpecting liberty preſents very lccle dif- EP 


iculty. 


16th December, 1760. 


LETTER 
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LETTER LXXXVI 
The ſome S her continued. 


E difference, which I have juſt eſtabliſh. 


ed, between the motives, conformably to 
| which ſpirits act, and the cauſes, or powers, which 
act on bodies, diſcovers to us the true foundation 


of liberty. 


lmagine a puppet, ſo artfully comtiratied; with 
wheels and ſprings, as to be able to approach my 
pocket, and to pick out my watch, without my 
perceiving it. This action being a neceſſary con- 
ſequence of the organization of the machine, could 
not be conſidered as a robbery ; . and 1 ſhould ren- 
der myſelf ridiculous s, if I got into a paſſion at „ 
and infiſted on having the machine hanged. Every 
one would ſay, that the puppet was innocent, and 
incapable of committing a blameable action; it 
would be, beſides, equally indifferent to the pup- 
pet, to be hanged, or placed on a throne. | But if 
the artiſt had contrived this machine on purpoſe 
to ſteal, and to enrich himſelf by ſuch means, how- 


ever much ] might admire the ingenuity, diſplayed 


on the mechaniſm, I ſhould reckon myſelf obliged 
to bring him to juſtice, as a thief. It follows, 

"then, that even in this caſe, the criminality reverts. 
B b 4 N upon 
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upon an intelligent being, or a ſpirit, and that 
ſpirits alone are reſponſible for their actions. 

Let every man examine his own actions, and he 
will always find, that he was not forced 1 into them, 
though he might be induced by motives. If his 


actions are commendable, he is perfectly conſcious 
of meriting the praiſes beſtowed upon him. How- 
ever he might be deceived in his other judgments, = 
he cannot in this caſe; the ſentiment of his —_— 
berty is ſo intimately connected with that liberty 5 
itſelf, that they are inſeparable. It is poſſible to 
5 entertain a doubt, where the liberty of another is 
concerned, but It 1s impoſſible ever to be deceived 
reſpecting one's own. A clown, for example, on; 
ſeeing the puppet above deſcribed, might eaſily 
imagine it to be a real thief, and that it, likewiſe, 
was a free agent: in this, he would be miſtaken; 
but with reſpect to his own liberty, it is impoſſible 
for him to miſtake ; as he deems himſelf free, he 
zs ſo in fact. It might, likewiſe, happen, that the | 
clown in queſtion, undeceived as to the puppet, 7 
| ſhould afterwards conſider a dexterous thief as a 
machine, deſtitute of all ſentiment, and of liberty: 
here he would fall into the oppoſite error, but as 
ao his own actions, he will never be miſtaken. 


It would, therefore, be ridiculous to affirm, that 
it might be poſſible for a watch to imagine that 
it's hand turned freely, and to believe, that it now 


points to nine, becauſe It pleaſes to do fo, but 


could I 
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could point to any other hour, if it thought pro- 
per: the watch would undoubtedly deceive itſelf. 
But the whole ſuppoſition is manifeſtly abſurd. 


and afterwards conſider it as a mere machine, di- 


tion. 


ſees! > 


You muſt firſt aſcribe to the watch ſentiment 
and imagination, and, accordingly, ſuppoſe i it 4 
ſpirit, or ſoul, which neceſſarily implies liberty; 


veſted of liberty, which 1 is a manifeſt contradic- 


Another objection, however, is ſtarted againſt 
2 liberty, founded on the divine preſcience. God, it 
zs ſaid, foreſaw, from all eternity, every reſolution 8 
which I ſhould form, and every action which 1 
ſhould do, during every inſtant of my life, If God 
foreſaw, I ſhould juſt now continue to write, that 
I ſhould, by and by, lay down my pen, and riſe to 
take a walk, my action would be no longer free, 
- for I am under the neceſſity of writing, of laying 
down the pen, and of riſing to walk; and it would 
be impoſſible for me to act otherwiſe, as it was im- 


poſſible God ſhould be deceived i in what he fore- : 
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The reply i is obvious. Wan God foreſaw, fon 5 
all eternity, that I ſhould perform, on ſuch a day, 
ſuch an action, it does not follow, that I ſhall per- 
form it, becauſe God foreſaw 1 it. For it is evident, 
that it ought not to be alleged, in the caſe ſup- 
poſed, That I go on to write, becauſe God foreſaw 

I ſhould 80 on to write; but, on the contrary, as E=- 
Judge 
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judge it proper to go on to write, God foreſaw that 
I would do fo. Thus the preſcience of God by no 
means encroaches on my liberty ; and all my ac- 
tions remain equally at liberty, whether God fore- 
faw them or not. 
Some, however, in the view of ſupporting liber- 
: iy, have gone ſo far, as to deny the divine preſci- 

_ ence; but you will have little difficulty 1 in dete&- 
ing the falſehood of this opinion. Is it ſo ſurpriz- 
ing, that the Supreme Being, who is acquainted 
with all my propenſities, ſhould be able to foreſee 
the effect which every motive will produce on my 

| ſoul, and, conſequently, all the refolutions which 
I fhall form, in conformity to theſe effects, when 


ſimple mortals, ſuch as we are, frequently exerciſe OO, 
a ſimilar preſcience | ? You can cafily imagine to 


yourſelf, a man extremely covetous, who has a 


fair opportunity of making a conſiderable advan- 
tage. You know, for certain, he will not fail to 


avail himſelf of it. Your knowledge of this. how- 5 


ever, has no influence upon the man; he goes into 
it with the full determination of his own mind, as 


if you had never ſpent a thought upon him. N ow, 
as God is infinitely better acquainted wih men, 
and all their diſpoſitions, it is not to be doubted, 


that he could have foreſeen their actions, in all 

fituations. The preſcience of God, with reſpect 
to the free actions of ſpirits, is, nevertheleſs, found: 
ed on another principle, than that of the changes, 


which 
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which muft take place in the corporeal world, where 
all is under the power of neceſſity. This diſtinc- 
tion ſhall be the ſubject of my next letter. 


20th December, 1760 


LETTER IXXXVIL 
3 of the Liberty of Spirits upon Events. 


F the world contained bodies only, and if the 
1 changes which take place i in it, were neceſſary . 
conſequences of the laws of motion, conformably 
to the powers with which they act upon each other, 
all events would be neceflary, and would depend 
on the firſt arrangement, which the Creator had 
eſtabliſhed, of the bodies of the univerſe ; - fo that 
this arrangement, once eftabliſhed, it ſhould be 
; impoſſible for other events, afterwards, to take 
place, than thoſe which happen i in the actual order ä 
of things. The world would, undoubtedly, be, i in 
this caſe, a mere machine, ſimilar to a watch, 
which, once wound up, afterwards produces all the 
motions by which we meaſure time. ER 
Imagine to yourſelf a muſical clock; fock- a 


clock, once regulated, all the motions which 3 


perfor ms, and the airs which i It plays, are produced | 
in 
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in virtue of its conſtruction, without any freſh ap- 
plication of the hand of the maſter, and, in that 
caſe, we ſay it is done mechanically. If the artiſt 
touches it, by changing t the notch, or the cylinder, 
which regulates the airs, or by winding i It up, It 
is an external action, which, not being founded 
on the organization of the machine, no longer ap- Engng 
| pertains to it. And if God, as Lord of the unt- 
yerſe, ſhould change, immediately, any thing 1 in 
the courſe of ſucceſſive events, this change would 
no longer appertain to the machine: it would then 
_ be a miracle, 
A miracle, conſequently, i is an immediate effect ; 
of the divine Omnipotence, w which could not have 
taken place, had God left the machine of the uni- 
verſe freely to take its courſe. Such would be tze 
ſtate of the univerſe, if it contained bodies only; 
. in that caſe, | it might be ſaid, that all events take 
place in it, from an abſolute neceſſity, each of them ” 
being a neceſſary effect of the ſtructure of the uni- . 
verſe; unleſs it pleaſed God to work Miracle. 
Ihe fame thing would happen, on admitting the - 
ſyſtem of pre-eſtabliſhed harmony, though it al- 
lows the exiſtence of ſpirits; ; for, according to this 
ſyſtem, ſpirits do not act upon bodies, but theſe 
perform all their motions, and actions, only in vir- 
tue of their ſtructure, once eſtabliſned; ft that 
when I raiſe my arm, this motion is an effect, "4 
neceffary, of the organization. of my LE as that . 


ov - 
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of the wheels in a watch. My ſoul, in no reſpect, 
contributes to it; it is God, who, from the begin- 
ning, arranged the matter, ſo that the action of 


my body muſt, neceſſarily, reſult from it, at a cer- 


tain time, and raiſe the arm, at the inſtant that my 


| foul willed it. Thus, my ſoul has no influence 
upon my body, any more than upon thoſe of other 


men, and of animals: and, conſequently, accord - 


ing to this ſyſtem, the univerſe is merely corporeal, 
and events are a neceſſary effect, of the primitive L 
: organization, which God has eſtabliſhed in the 


univerſe. 


= -- Wor, if we > allow to the ſouls of men, and of ani- | 

e mals, the power of producing motion in their bo- 
dies, which their organization alone would mot: 
have produced, the ſyſtem of the univerſe i is nota 

mere machine, and events do not neceſſarily take 


place, as in the preceding caſe. 
The univerſe 
the one, thoſe over 


will, of theſe ſpiritual beings. 


'T neſe 


* 


ill preſent events of two kinds; 8 
hich ſpirits have no manner 
of influence, which are corporeal, or dependant on 

the machine, as che motion and phenomena of the 
heavenly bodies; 1 theſe take place as neceſſarily as 
thoſe of a watch, and depend entirely on the pri- | 
mitive eſtabliſhment of the univerſe. The others 
depend on the ſoul, united to the body of men and 
animals, and are no longer neceſſary, as the pre- 
ceding, but reſult-from the liberty, as 5 from the 
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Theſe two kinds of events diſtinguiſh the uni- 
verſe from a mere machine, and raiſe it to a rank 
infinitely more worthy of the almighty Creator, 
who formed it. The government of this univerſe 
will, likewiſe, ever inſpire us with the moſt ſublime 
idea of the ſovereign wiſdom and goodneſs of God, 
It 1 certain, therefore, that liberty, which! is ab⸗ 
7 ſolutely eſſential to ſpirits, has a very great influ- 
8 ence on the events of the world. Lou have only 5 
to conſider the fatal conſequences of theſe wars, 


which all reſult from human actions, determined 0 


; by their will, or their caprice. 
It is, likewiſe, certain, at the fame time, that 


| the events, which take place, do not depend only N 


| on the will of men and animals. Their power is 
very limited, being reſtricted to a ſmall portion of 


-- the brain, in which all the nerves terminate: and 


this action is confined to the communication of an 
5 impreſſion of a certain motion on the members, 
which may afterwards operate on other bodies, and 
| theſe again on others, fo that the lighteſt motion 


* my body, > may have a very great influence « on a 1 
oe multitude of events. = 1 
Man, however, though 1 af the firſt mo- 3 


tion of his body, which occaſions theſe events, is 


not ſo of the conſequences of his action. Theſe 


depend on ſo many circumſtances, that the moſt TE 
ſagacious mind 1 is incapable of foreſeeing them: 


: accordingly, We every day ſee the beſt concerted : 


— one _ 
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projects failing. But it is here that we muſt ac- 
knowledge the government and providence of 
God, who, having from all eternity foreſeen all the 
counſels, the projects, and the voluntary actions of 
men, arranged the corporeal world in ſuch a man- 
ner, that it brings about, at all times, circum- 
ſtances which cauſe theſe enterprizes to fail, or to 
ſucceed, according as his infinite wiſdom judges to 
: be moſt fit. God thus remains abſolute ſovereign 
of all events, notwithſtanding the liberty of men, 
all whoſe actions, though free, are, from the be- : 
ginning, part of the plan which God intended to 
execute, when he created this univerſe. 5 
This reflection plunges us into an abyſs of won- 
der, and adoration, at the infinite perfections of the 
Creator; while we conſider, that there is nothing 
— mean, in itſelf, as not to be, from the beginning 
of the world, an object worthy of entering into the 
5 original Plan 15 which God propoed to himſelf. 
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LETTER LXXXVIII. 


TN common 1 life, we carefully diftinguith events 
produced by corporeal cauſes from thoſe in 


whic ch men, and animals, co- operate. Thoſe of =, 
the former deſcription. are denominated natural | 
events, or produced by natural cauſes; ſuch are the 
phenomena of the heavenly bodies, eclipſes, tem- 

peſts, whirlwinds, earthquakes, &c. Theſe are cal- 

led natural phenomena, becauſe 1 it is underſtood, Ts 

that neither men, nor animals, are active ! in the „ 

5 production of tbem. 


If we ſee a tree torn up by the roots, through | 


the violence of the wind, we call it a natural ef. 

fect: but if it were done by the ſtrength of man, 

or the proboſcis of an elephant, no one would call 
this a natural effect. When our plains are deluged i 
: by an inundation, y or deſtroyed by the hail, we ſay 4 
the cauſe of this calamity was natural ; but if the Nw 
miſchief were done by the invaſion of an enemy, = 


WE would no longer deem the cauſe of i it to be 1 na- 
tural. 5 


It ſach an evil were to be produced by a 95 _ 


--racle, or by the immediate power of God, we 
| would lay the caule of! it was ſupernaturat; but 17 


5 
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the event were occaſioned by men or animals, we 
would not, in that caſe, give it the name of either 
natural or ſupernatural. We would characterize 


ſuch an event ſimply by the name of action, which 
denotes an effect, that is neither natural nor ſuper- 


natural. It might with greater propriety be deno- 


minated moral, as it depends on the W of an 


intelligent agent. 


Thus, when Qin Curtius gives us a detail of 
the actions of Alexander the Great, he communi- 
cates to us che knowledge of the events brougbt 
about by the voluntary determinations of that 
hero. Such an action always e freedom of 
a power of deter- 
mination which depends upon his will, and of 
which he i is maſter. 1 ſay, of which he is maſter ; 
for there is a great variety of motions, the pro- 
duction of which, were we to determine to will 
them ever ſo much, we ſhould not, however, be 
. obeyed, becauſe over r ſuch movements we have no 


reſolution i in a ſpiritual being 


i power. 


2 lam not maſter « even of all the motions per- 

8 formed | in my own body ; ; that of my heart, and 

1 of my blood, 15 not ſubject. to my power, or to the 
5 empire of my ſoul, as the action which | perform, 
when I write this letter. There are other motions, 
which partake of the nature of both theſe, ſuch as 


| reſpiration, which | it is in my power to > accelerate, 
Vor. I. E 67 If EE or 
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or to retard, to a certain degree, but of which I am 
by no means the abſolute maſter. 
Language 1s not ſufficiently rich to expreſs, by 
ane appropriate term, all theſe different kinds of 
events.. There are ſome produced by natural cauſes 
merely, and which are neceſſary conſequences of the 
arrangemeat of bodies in the univerſe; and as 
| theſe neceſſarily come to paſs, the knowledge of 
this arrangement enables us to foretel a great num- 
ber of them, ſuch as the ſituation of the heavenly : 
bodies, eclipſes, and other phenomena depending 
on them, for any given time whatever. There are 
other events, which depend only on the will of . 
free and ſpiritual beings, as the actions of every 
: man and of every animal. It! is impoſlible for us 
do foreſee any thing of theſe, in particular, unleſs 
by conjecture merely; and in this we are frequently : 
very groſsly miſtaken. God alone poſſeſſes this 
knowledge 1 ina ſupreme degree. 5 
From theſe two kinds of events there ariſes 4 
third, in which natural cauſes concur with ſuch as 
are voluntary, and dependant on a being exerciſing | 
its liberty. Of this the billiard table furniſhes an 
example. | The ſtrokes impreſſed on the balls de- 
pend on the will of the players; but as ſoon "LL 
motion 18 communicated to them, the continua- 
tion of that motion, and their colliſion with each 
other, or with the cuſhion, are necellary conle- 
quences of the laws of motion. oe 


In 
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1n general, molt t of the events which take place 


on the earth, muſt be referred to this ſpecies, as 
there are ſcarcely any, over which men and animals 


have not ſome influence. The cultivation and 
produce of our fields require, in the firſt inſtance, 


the voluntary exertions of men or beaſts, but the 


9 05 ſequel! is an effect of cauſes purely natural. It is, 
accordingly, of importance to remark, that God 
acts in a manner totally different toward bodies and 
ſpirits. | God has eſtabliſhed, for bodies, laws of 
reſt and motion, conformably to which, all changes 


neceſſarily take place ; ; as bodies are merely paſſive 


beings, which preſerve themſelves ; in their ſtate, or 
neceflarily obey impreſſions. made upon them by 
others, as I formerly explained ; whereas ſpirits are 


ſuſceptible of no force or conſtraint, but are go- 
verned, of God, by precepts and prohibitions. 


With reſpect to bodies, the will of God i 18 always 


perfectly accompliſhed ; but with reſpect to ſpiri- 


tual beings, ſuch as men, the contrary very often 


happens. When it is ſaid to be the will of God, 


that men ſhould love one another, we mean by that 
; expreſſion, E) commandment which men ought ta 
obey ; but this is very far from being the caſe. 


God does not force men to it, for this would be 


contrary to the liberty, which | is eſſential to them; 


but He endeavours to engage men to the oblery- 


ance of this commandment, by propoſing to them 
motives the moſt powerful; but it always depends 
S on 
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In this ſenſe we are to underſtand the will of God, 


97 the 2 reſtedting the be 7 orld bali. ble; 5 and 
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on the will of man, whether he is to obey or not. 


when it refers to the free actions of ſpiritual beings. 


27th December, 1760. 


LETTER LAXXIX. 


oe the Origin 5 Evil. 


7 0⁰ know well, that i it has been made 4 queſ- 
; tion, Whether this world be the beſt pol- 


fible ? It cannot be doubted, that the world per- 


fectly correſponds to the plan which God propoſed — 
to himſelf, when he created it. | 


As to bodies, and material productions, their 


arrangement and ſtructure are ſuch, that certainly 
they could not have been better. Pleaſe to reco ! 
lect the wonderful ſtructure of the eye, and you 


will ſee the neceſſity of admitting, that the confor- 


mation of all its parts is perfectly adapted to fulfil . 


the end in view, that of repreſenting diſtinctly ex - 
terior objects. How much addreſs is neceſſary to 


keep up the eye in that Rate, during the courſe of - 
a whole lite? The juices which compoſe i it muſt be 


Preſerved from corruption; ; it was neceſſary to 


make 


— 
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make proviſion, that they ſhould be conſtantly re- 
newed, and maintained in a ſuitable ſtate. 

A ſtructure equally marvellous is obſervable in 
all the other parts of our bodies, in thoſe of all ani- 
mais, and even of the vileſt inſects. And the ſtruc- 

ture of theſe laſt, is ſo much the more admirable, 
on acc unt of their ſmallneſs, that it ſhould per- | 
fectly i.tisfy all the wants which are peculiar to 
each ſpecies. Let us examine only the ſenſe of 
ſeeing in theſe inſects, by which they diſtinguiſh 
objects ſo minute, and ſo near, as to eſcape our 
eyes, and this examination alone will fill us with 
aſtoniſhment. e 
We diſcover the ſame perfection in plants: every 
: thing i in them concurs to their formation, to their 
growth, and to the production of their flowers, of - 
their fruits, or of their ſeeds. What a prodigy to 
behold a plant, a tree, ſpring from a ſmall grain, 
caſt into the earth, by the help of the nutritious 
Juices with which the ſoil ſupplies it? The produc- 
tions found 1 1n the bowels of the earth are no leſs 
wonderful: every part of nature is capable of ex- 
hauſting our utmoſt powers of reſearch, wi: hout 
8 1 permitting us to penetrate all the wonders ct its 
conſtruction. Nay, we are utterly loſt, wile we 
reflect, how every ſubſtance, earth, water, air, and 
fire, concur in the production of al! organize bo- 
dies; and, finally, how the arrangement of all the 
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heavenly bodies 18 ſo admirably contrived, as per- 

fectly to fulfil all theſe particular deſtinations. 
After having reflected in this manner, it will be 

difficult for you ro believe, that there ſhould have 


been men who maintained, that the univerſe was 
the effect of mere chance, without any deſign. 
But there always have been, and there ſtill are, per- 
ſons of this deſeription; thoſe, however, who have 
a ſolid knowledge of nature, and whom fear of the 
. juſtice of God does not prevent from acknowledg- 5 
ing Him, are convinced, with us, that there is a 
Supreme Being, who created the whole univerſe, 
and, from the remarks which I have Juſt been ſug- ” 
geſting to you, reſpecting bodies, every ching has 
been created i in the higheſt perfection. 


As to ſpirits, the wickedneſs of man ſeems to be : 


an infringement of this perfection, as it is but too 
capable of introducing the greateſt evils into the 
world, and theſe evils have, at all times, appeared 
incompatible with the ſovereign goodneſs of God. 
Tbis is the weapon ulually employed by infidels 
againſt religion, and the exiſtence of God. If 
God, ſay they, was the author of the world, He 
. muſt a:ſo be the author of the evil which it con- 
tains, and of the crimes committed i in it. 


This queſtion, reſpecting the c origin of evil; the 
difficulty of explaining, How it can conſiſt with 


the ſoyereign g goodneſs of God, has always greatly 


perplexed 
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+5 9M -1\loſophers and divines. Some have 
ende d to give a ſolution, but it has ſatisfied 


on © :ielves. Others have gone ſo far as to 
mot , that God was, in fact, the author of mo- 


ra! „ and of crimes ; always proteſting, at the 
ame, that this opinion ovght to bring no im- 
P tion on the goodneſs and holineſs of God. 


O hers, finally, conſider this queſtion as a myſtery 


which we cannot comprehend ; and theſe laſt, un- 


yy, have embraced the preferable ſenti- | 


884 is ſupremely good and FO ; He is the au- 
thor of the world, and that world ſwarms with 
crimes and calamities. Theſe are three truths 
which f it is, apparently, difficult to reconcile : but, 
in my opinion, a great part of the difficulty va- 
niſhes, as ſoon as we have formed a juſt idea of 
ſpirit, and of the liberty fo eſſential to it, that God 


: himſelf cannot diveſt ; It of this quality. 


God having created ſpirits, and the ſouls of 
men, 1 remark, firſt, that ſpirits are beings infi- 
nitely more excellent than bodies; and, ſecondly, | 
that, at the moment of creation, ſpirits were all 


good : for time is requiſite to the formation of evil 


inclinations : there is, therefore, no difficulty in 


affirming, that God created ſpirits. Bur it being 


the eſſence of ſpirits to be free, and liberty not 

being capable of ſubſiſting without a power to ſin, 

to create a ſpirit poſſeſſed of the power of ſinning, 
CES has 
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has nothing inconſiſtent with divine perfection, 
becaule a ſpirit could not be created deſtitute of 
that power. 


God has, beſides, done every thing to prevent 
crimes, by preſcribing to ſpirits; precepts, the ob- 
ſervance of which muſt always render them good 
and happy. There is no other method of treating 
ſpirits, which cannot be ſubject to any conſtraint ; 
and if ſome of them haye abuſed their liberty, and 
tranſgreſſed theſe commandments, they a are reſpon- 7 
ſible for it, and worthy of puniſhment, without ; 
any impeachment of the Deity. Fo „„ 
There remains only one objection more to be 
conſidered: namely, that it would have been better 
not to create ſuch ſpirits, : as God foreſaw they muſt 
| ſink into criminality. | Bur this far ſurpaſſes hu- - 
man underſtanding ; for we know not, whether 
the plan of the world could ſubſiſt without them. 
We know, on the contrary, by experience, that 
the wickedneſs of ſome men frequently contributes 
to the correction and amendment of others, and 1 
thereby conducts them to happineſs. This conſi- ; 
deration, alone, is ſufficient to juſtify the exiſtence = 
of evil ſpirits. And, as God has all power over 
the conſequences of human wickednels, every one 
may reſt aſſured, that in conforming to the com- 
mandments of God, all events which come to paſs, ; 
” however calamitous they may appear to him, are 


always 


— ꝗ— — ewe — — —— 
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always under the direction of Providence, and, 
finally, terminate 1n his true happineſs. 
Ibis providence of God, which extends to every 
individual, in particular, thus furniſhes the moſt 
ſatisfactory ſolution of the queſtion reſpeRting i the 
permiſſion, and the origin, 1 


zoth December, 1760. 


LETTER e. 


gonnectinn of the pr eceding Conſ derations with Reli ; 


ion. Reply to the Objections of. the ppb . 
tems againſt Pr ayer. 


philoſophy and phy ſies, I think it my duty 


to an out to you their connection with reli- 5 


gion 5 


5 4 


4 object of which is to promote the ſalvation of mankind.“ 
What reaſon could there be for ſuppreſſing a ſentiment ſo natu- 

ral, ſo much in place, and ſo inoffenſive — . E. 
+ I take the liberty, likewiſe, to reſtore the following paſſage, 


which M. de Condercer, in his philoſophic ſqueamiſhneſs, has 


thought unworthy of a place in his edition of the work : 
880 However 


EF ORE 1 proceed farcher i in my leſſons on 


* Mr. Euler concludes this lettcr, with the following ſhort ſen- 
tence : „This likewiſe i is the foundation of all religion, the alone 
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E begin with conſidering an objection, which 
almoſt all the philoſophic ſyſtems have ſtarted, 


againſt prayer. Religion preſcribes this as our 


duty, with an affurance, that God will hear and 
anſwer our vows and prayers, provided they are 


conformable to the precepts which he has given 


us. Philoſophy, on the other hand, inſtructs us, 


that all events take place in Ari& conformity to the 
courſe of nature, eſtabliſhed from the beginning, 
: and that our prayers can effect no change what- 
ever; unleſs we pretend to expect, that God ſhould 
be continually working miracles, in compliance 
with our prayers. This objeQion has the greater 
weight, that religion itſelf reaches the doctrine of 
God's having eſtabliſhed the courſe of all events, 
and that nothing can come to paſs, but what God 
; foreſaw from all eternity. 1s it | credible. fay the EE 


« However extravagant ind abſurd the ſentiments of certain 
« philoſophers may be, they are fo obſtinately prepoſſeſſed in fa- 


* your of them, that they reje& every religious opinion and 
doctrine, which is not conformable to their ſyſtem of philo- 
« fophy. From this ſource are derived moſt of the ſets and 


« hereſies in religion. Several philoſophic ſyſtems are really 


contradictory to religion; but in that caſe, divine truth ought, 
4 furely to be preferred to the rever ies of men, if the pride of 
a philoſophers knew what it was to yield. Should ſound philo- 
_« fophy ſometimes ſeem in oppoſition to religion, that oppoſi- 
tion is more apparent than real; and we muſt not ſuffer 
_ © ourſelves to be dazzled with the ſpcciouſnels of en — 


E. E. 
IS; 
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objectors, that God ſhould think of altering this 
ſettled courſe, in compliance with any prayers 
which men might addreſs to him? 


But I remark, firſt, that when God eſtabliſhed 
the courſe of the univerſe, and arranged all the 
events which muſt come to paſs in it, he paid at- 


tention to all the circumſtances which ſhould ac- 
company each event ; and particularly to the diſ- 


poſitions, to the defires, and prayers, of every i: - 
Eo telligent being ; and that the arrangement of all 
events was diſpoſed, in perfect harmony, with all 


theſe circumſtances. When, therefore, a man ad- 
dreſſes to God a prayer worthy of being heard, it 


muſt not be imagined, that ſuch a prayer came not 
to the knowledge of God till the moment it was 


formed. That prayer was already heard from all 


eternity; and if the Father of mercies deemed it 
worthy of being anſwered, He arranged the world 

expreſsly in favour of that prayer, ſo that the ac- 
” compliſhment ſhould be a conſequence. of the na- 


tural courſe of events. It is thus that God an- 


ſwers the prayers of men, without working a mi- 
racle. 5 
5 The eſtabliſhment of the courſe of the univerſe, 
fixed once for all, far from rendering prayer unne- 
ceſſary, rather increaſes our confidence, by con- 


veying to us this conſolatory truth, That all our 


prayers have been already, from the beginning, 
preſented at the feet of the throne of the Al- 
mighty, 
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mighty, and that they have been admitted into the 
plan of the univerſe, as motives conformably to 
which events were to be regulated, in ſubſerviency | 
to the infinite wiſdom of the Creator. 
Can any one believe, that our condition would 
be better, if God had no knowledge of our prayers 
before we preſented them, and that He ſhould 


then be diſpoſed to change, in our favour, the or- 


der of the courſe of nature? This might well be 
irreconcileable to his wiſdom, and inconſiſtent with 
: his adorable perfections. Would there not, then, 
be reaſon to ſay, that the world was a very imper- 
fect work ? that God was entirely diſpoſed to be 


favourable to the wiſhes of men; but, not having . 
85 foreſeen them, was reduced to the neceſſity „„ 


every inſtant, interrupting the courſe of nature, 


1 unleſs he were determined totally, to diſr egard the ä 


wants of inte ligent beings, which, nevertheleſs, | 
conſtitute the principal part of the univerſe? For 


to what purpoſe create this material world, reple- 


niſhed with ſo many great wonders, if there were 
no intelligent beings, capable of admiring i it, and 


of being elevated by it, to the adoration of God, 
and to the moſt intimate union with their Creator, En 


in which, undoubtedly, their higheſt felicity con- 
fiſts? 1 
- Hence, it muſt, abſolutely, be dal, that 
intelligent beings, and their ſalvation, muſt have 5 
been che principal object, in ſubordination to 
which, 


ti rol 
A GERMAN PRINCESS. 397 | 1 
which, God regulated the arrangement of this i | 
world; and we have every reaſon to reſt aſſured, f 5 1 
that all the events which take place in it, are in the "ns 
moſt delightſul harmony with the wants of all in- 7% 
telligent beings, to conduct them to their true ha- 10 | 7 48 
pineſs ; but without conſtraint, becauſe . of their TROP 
liberty, which | is as eſſential to {pirits, as extenſion \ ff ii | 
is to body. There is, therefore, no ground for - 1 115 
ſurprize, that there thould be intelligent beings, 1 
which ſhall never reach felicity. EY ö 1 bil 
In this connection, of ſpirits with events, conſiſts | i} 4 
the divine Providence, of which every individual „ 130i i 
has the conſolation of being a partaker ; ſo that f 1 
every man may reſt aſſured, that, from all eternity, 55 IRR 1 
he entered into the pho of the univerſe. How | 9 19 
ought this conſideration to increaſe our confidence, | 105 
and our joy in the e of God, on which Wii! 
all religion | 18 founded! You ſee, then, that, on | 4160 
this ide, religion and philoſophy are e by no means : | 1505 
at variance. : | fl | 


7 7 34 24 anuasy, 1 261 5 
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LETTER XC. 


The Liberty of intelligent Beings in Harmony with the 
Docirines N. the Chr —— — | 


IBERT ; is a « quality 15 effential to every 
4 ſpiritual being, that God himſelf cannot di- 


veſt them of it, juſt as He cannot diveſt A body of 5 5 


its extenſion, or of its inertia, without entirely de- 
7 firoying, or annihilating, it: to divelt a ſpirit of 


liberty, therefore, would be the ſame thing as to 
annihilate it. This muſt be underſtood of the ſpi- 


rit, or ſoul itſelf, and not of the actions of the bo- 


dy, which the ſoul directs, i in conformity to its will. 
If you would prevent me from writing, you have 


7 but to bind my hands ; z to write 5 undoubtedly, 


5 0 exerciſe of liberty; but chen, though you may 
. fay, that you have deprived me of the liberty af 
: writing, you have only deprived my body of the 55 | 
faculty of obeying the dictates of my ſoul. Bind 
me ever ſo hard, you cannot extinguiſh } in my ſpi- | 


rit an inclination to write; all you can d is to 
5 prevent the execucion of it. 


We muſt always carefully diſtinguiſh ton . 


5 inclination, or the act of willing, and execution, 
which is performed by the miniſtration of the body. : 
” The act of willing cannot be rettrained by any ex- 

terior 
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terior power, not even by that of God, for liberty 


is independent of all exterior force. But there are 
means of acting on ſpirits, by motives which have 
a tendency, not to conſtrain, but to perſuade. Let 


à man be firmly determined to engage in any en- 
terprize, and let us ſuppoſe the execution of it pre- 
vented; without making any change in his i inten- 
tion, or will, it might be poſſible to ſuggelt 1 mo- 
tives, which ſhould engage bim to abandon his 
purpoſe, without employing any manner of con- 


ſtraint: however powerful theſe motives may be, 


5 he is always maſter of his own will; ; It never can 
5 faid, that he was forced, or conſtrained, 0-2 
at leaſt the expreſſion would be i improper ; K for the 
proper term is pes ſuade, which i is ſo ſuitable to the ; 
nature, and the liberty, | of intelligent beings, that 
— Þ- cannot be applied to any other. IK: would be 
very ridiculous, for example, in playing at bil- | 
liards, to lay, that I perſuaded the ball to run into 


the hazard. 


This ſentiment, relpecting the liber ty of ſpirits, : 
appears, how ever, to ſome perſons, contrary to the 

| goodneſs, or the power, of the Supreme Being. 

5 Liberty, from its very nature, can ſubmit to no 


degree of conſtraint, even on the part of God. 


Put without exerciſing : any conſtraint over ſpirits, 
God has an infinite variety of means of preſenting 


them with perſuaſive motives ; and, I believe, that 


i all poffible caſes are adapted by Providence to our 


condition , 
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condition, in ſuch a manner, that the moſt aban- 
doned wretches might derive from them the moſt 
powerful motives to converſion, if they would but 
liſten to them : and that a miracle would not pro- 
duce a better effect on theſe vicious ſpirits ; they 
might be affected by i it, for a ſeaſon, but would not 

become better. It is thus that God co- operates 5 


in our converſion, by furniſhing us with motives 


the moſt efficacious, and by the circumſtances and 


opportunities \ which his providence ſupplies. 


Ts for example, a man, who hears an a wakening 
ſermon, | is affected by 1 it, repents, : and is converted; ä 
the act of his ſoul i 18 evidently his own work; bur 


. the occaſion of the ſermon, which he was ſo happy : E 
as to hear, preciſely at the time, when he was diſ- 
” poſed to profit by it, was nothing leſs than his 


_. work; the divine Providence over- ruled that cir- 


cumſtance, ſo ſalutary to him. In fact, without 
the opportunity, over which the man had no power, „ 


he would have perſiſted 1 in a finful courſe. 
Hence, you will cafily comprehend the meaning 
of ſuch expreſſions as theſe: * Man can do no- 
iy: thing of himſelf; all depends on divine grace; 


0G it is God that worketh to will and to do.“ The 


favourable circumſtances which Providence ſup- 
plies to men, are ſufficient to elucidate theſe ex- 
preſſions, without having recourſe to a ſecret force, 


which acts by conſtraint on human liberty; . 
theſe circumſtances are directed of God, in con- 


formity 
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formity to the moſt conſummate wiſdom, in the view 
of conducting every intelligent being to happineſs 


and falvation, unleſs he wilfully rejects the means 


by which he might have attained true felicity 


6th January, 1761. 


LETTER ven 


kad, reſpeing the Na ature of Spirit. 


IN order, more clearly to o elucidate . 1 have 
jut ſaid, reſpecting the difference between 
5 body and ſpirit ; for it is impoſſible to be too at- 
tentive to what conſtitutes that difference, as it ex- 
tends ſo far, that ſpirit has nothing in common 8 
with body, nor body with ſpirit, I think it neceſ- es 


— ry to ſubjoin the following refleEtions. 


Exxtenſion, inertia and impenetrability : are the pro- 
; perties of body; : Spirit 1 18 without extenſion, with- 
out inertia, without impenetrability. All philoſo- 
phers are agreed, that extenſion cannot have place 
0 reſpect of ſpirit. It! is a ſelf- evident truth, for 
every thing extended is diviſible, and you can 
form the idea of it's parts; but a ſpirit is ſuſcepti- 
ble of no diviſion ; you can have no conception 1 


Ver . e 25 it's 
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it's half, or of it's third part. Every ſpirit is a 
complete being, to the excluſion of all parts; it 
cannot, then, be affirmed, that a ſpirit has length, 
breadth, or thickneſs. In a word, all that we con- 
ceive of extenſion, mult be excluded from the idea 
of a (pune. --- 


It would appear, therefore, that : as ſoixlts have = 


no magnitude, they muſt reſemble geometrical = 
points, the definition of which is, that they have 
neither length, breadth, nor depth. Would it be | 


a very accurate idea to repreſent to ourſelves 8 


ſpirit by a mathematical point! 9. The ſcholaſtic phi- 
loſophers have profeſſed this opinion, and conſi- 


dered ſpirits as beings infinitely ſmall, Saler 5 


the moſt ſubtile particles of duſt, but endowed 
with an inconceiveable activity and agility, by 
which they are enabled to tranſport themſelves, in 


an inſtant, to the greateſt « diſtances. They main- 


millions of ſpirits might be incloſed in the {malleſt 
| ſpace; they even made i it a queſtion, How many i 
| clin] could dance on the point of a needle? 

g The diſciples of Wolf are nearly « of the fame opi- 5 

nion. According to them, all bodies are com poſed 

- of particles extremely minute, diveſted of all mag- 


tained, that i in virtue of this extreme minuteneſs, 5 


nitude, and they give them the name of monads. 


A monad, then, is a ſubſtance deſtitute of all ex- ; 
tenſion, and on dividing a body, till you come ro 
particles ſo minute, as to be ſuſceptible of no far- 
33 7 * 1 . 12 
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ther diviſion, you have got to the Wolffian monad, 
which differs, there fore, from the moſt ſubtile par- 
ticle of duſt, only in this, that the minuteſt par- 
ticles of duſt are not, perhaps, ſufficiently ſmall, 
and that a farther diviſion is ſtill — to ob- 
tain real monads. 

Now, according to Mr. Wolff, not only all bs 
dies are compoſed of monads, but every ſpirit is 


merely a monad ; and the Supreme Being, I trem- 
ble as I write it, is, likewiſe, a monad. This does 
not convey a very magnificent idea of God, of 
5 ſpirits, and of che ſouls of men. I cannot conceive, 
that my ſoul 1 is nothing more than a being, ſimilar 
to the laſt particles of a body, or that it ĩs reduced 
almoſt to a point. It appears to me ſtill leſs ca- 
5 pable « of being r maintained, that ſeveral ſouls joined : 
7» together, might form a body, a lip of paper, for 
: example, to light a pipe of tobacco. But the ſup- 
| Porters of this opinion, go upon this ground, that 
as a ſpirit has no magnitude, it muſt, of neceſſity, 
reſemble a geometrical point. Let us examine the 
1 ſolidity of their reaſoning. „%%% 
I remark, firſt, that as a ſpirit | is a being of a 
nature totally different from that of body, it is ab- ” 
ſurd to apply to it ſtandards, which ſuppoſe magni- 
tude, and that, conſequently, it would be folly to 
aſk, how many feet, or inches, long, a ſpirit 1 5, of 
how many pounds, or ounces, it weighs? Theſe 
=D queſtions ; are en only to things which have 
— e eee, 
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length, or weight: and areas abſurd as if, ſpeaking 


of time, it were to be aſked, how many feet long 
an hour was, or how many pounds it weighed? I 


can always, confidently, affirm, that an hour is not 
equal to a line of 100 feet, or of ten feet, or of 


one foot, or any other ſtandard of meaſure; but it 


; by no means follows, that an hour muſt be a geo- 


metrical point. An hour is of a nature entirely 


different, and it is impoſſible to apply to it any 
ſttandard, which ſuppoſes a length, which may de 
expreſſed by feet, or inches. - 


The ſame thing holds good as to 0 ſpirit. 16 can 


always, boldly, affirm, that a ſpirit i is not ten feet, 
nor 100 feet, nor any other number of feet; but ; 
; it does not hence follow, that a ſpirit is a point, 
any more than, that an' hour muſt be one, becauſe = 
it cannot be meaſured by feet or inches. A ſpirit, 1 85 
then, 18 not a monad, or in any reſpect ſimilar to 
the ultimate particles into which bodies may be 5 
divided; ; and you are perfectly able to compre- 
hend, chat a ſpirit may have no extenſion, without 
being, on that account, a point, or a monad. We 
muſt, therefore, ſeparate e idea of extenſion | 
from that of ſpirit. 33 + 


To aſk, In what place does a ſpirit reſide? would 


be, for the ſamereaſon, likewiſe, an abſurd queſtion; 
for to connect ſpirit with place, i is to aſcribe. exten- 

ſion to it. No more can I ſay, in what place an 
7 hour i is; though atluredly an hour is ſomething ; 


ſomething, 
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ſomething, therefore, may exiſt, without being at - 
tached to a certain place. 1 can, in like manner, 
affirm, that my ſoul does not reſide in my head, 
nor out of my head, nor in any particular place; 
without it's being deduced, as a conſequence, that 
my ſoul has, therefore, no exiitence ; juſt as it may 
be, with truth, affirmed, of che hour now paſſing, 
that it exiſts neither in my head, nor out of my 
head. A ſpirit exiſts, then, though not in a cer- 
| tain place; but if our reflection turns on the power 
Y which a ſpirit has, of acting upon a body, the ac- 
tion is, moſt undoubtedly, performed 1 in a certain 
place. — 5 
NV ſoul, then, does not exiſt | in a particular 
place, but it acts there, and as God poſſelles the 
power of acting upon all bodies, it is, in this re- 
1 ſpect, we ſay, He i is every wes,” though his ex- 
b iſtence is attached to no place. 8 
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LETTER XCIII. 


The Surfer continued. Relecti 0 on the State ** Souls 
after Death. 


oo will, e be ſurprized at the ſen- 
timent which have Juſt now ventured to 
advance, that ſpirits, in virtue of their nature, 6 

in no place. In thus affirming, I ſhall, perhaps, 


be in danger of paſſing for a man who denies the 5 


. exiſtence of ſpi pirits, and, conſequently, that of God. 


But I have already demonſtrated, that ſomething : 


may exiſt, and have a reality, without being at- 


tached to any one place. The example « drawn from 
an hour, though feeble, removes the greateſt diffi- | 


culties, though there 18 an infinite difference be- 
teen an hour and a ſpirit. „% 
he idea which [ form of ſpirits, appears to me 
incomparably more noble than that of thoſe who . 


cConſider them as geometrical points, and who re- 


duce God bimſelf to this claſs. N What can be more 


FR ſhocking than to confound all ſpirits, and the Su- 


preme Being among the reſt, with the minuteſt 
particles into which a body is diviſible, and to 
rank them in the ſame claſs with theſe particles, 


which it is not in the power of the learned term ” 
5 monad to ennoble? 


PP 
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| To be in a certain place, is an attribute belong- 
ing only to corporeal things, and, as ſpirits are of 
a totally different nature, it is not a matter of ſur- 
prize to ſay, that they are not to be found in any 


place, and I am under no apprehenſion of reproach, , 
for the elucidations which 1 have ſubmitted to you 
on this ſubject. It is thus I exalt the nature of 


ſpirits infinitely above that of bodies. 


Every ſpirit is a being that thinks, reflects, rea- 
ſons, deliberates, acts freely, and, in one word, that 
lives: whereas body has no other qualities but that ; 
ol being extended, ſuſceptible of motion, and i im- 
1 penetrable; from whence. reſults this univerſal 7 
: quality, that every body remains in the ſame ſtate, 5 
I as long as there is no neceſſity of mutual penetra- 2 
tion, or of their undergoing ſome change; and in 
caſe of the neceſſity | of their penetrating each other, 
1 55 if they continued to remain in their ſtate, their 
: impenetrability itſelf ſupplies the powers requiſite 
to change their ſtate, as far as it 1s necellary to 


prevent all penetration. 


In this conſiſt all the changes which take place 
5 bodies: all! is paſſive, and neceff rily befals them 
5 conformity to the laws of motion. There 15, in 


body, neither intelligence, nor will, nor liberty: 


theſe are the ſupereminent qualities of ſpirits, . 


while bodies are not even ſuſceptible of them, 


It is ſpirit, likewiſe, which produces, in the cor- 
_ Poreal world, the principal events, the illuſtrious 
— — — actions, 
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actions, of intelligent beings, which are all the 
effect of the influence which the ſouls of men ex- 
erciſe upon their bodies. This power, which every 

foul has over it's body, cannot but be confi dered 
as a gift of God, who has eſtabliſhed this wonder- 


ful union between ſoul and body. And as I find 


my ſoul in ſuch an union with a certain particle 
of my body, concealed 1 in the brain, i it may be faid, 
that the ſeat of my ſoul is in that ſpot, though, > 


- properly ſpeaking, my ſoul reſides no where, and 


is referable to that place oft my body, ; only in vinu 0 

of 1 it's action, and of it's power. . 
It is, alſo, the influence of the ſoul upon the 5 
body which conſtitutes it's life, which continues 


8 long as this union ſubſiſts, or as the Organiza- 


tion of the body remains entire. Death, then, 3 
nothing elſe but the diffolution of this union, and 
the ſoul has no need to be tranſported elſewhere; 
for, as it reſides 1 in no place, all places muſt be in- 
| different to it; and, conſequently, if it ſhould 
pleaſe God, after my death, to eftabliſh a new : 


8 union between my ſoul, and an organized body i in 
the moon, I ſhould inſtantly be in che moon, with- ho 


cout the trouble of a long | journey. And if, even 15 

; now, God were to grant to my ſoul, a power over 

an organized body in the moon, IT ſhould be 

equally here, and in the moon ; and this involves 
no manner of contradiction. It 1 E body only which 

cannot be in two places at once; but there 1 is no- 

. thing 
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thing to prevent ſpirit, which has no relation to 
place, in virtue of it's nature, to act at the 


fame time, on ſeveral bodies, ſituated in places 


very remote from each other; and, in this reſpect, 
it might be ſaid, with truth, that it was in all theſe 
places at once. 


This ſupplies us with a clear elucidation of the 
omni preſence of God: it is, that his power ex- 
tends to the whole univerſe, and to all the bodies 

which it contains. It appears to me, of conſe. 
quence, an improper expreſſion, to ſay, that God 
exiſts every where, as the exiſtence of a ſpirit has 

no relation to place. It is more conſonant with | 


5 propriety to ſay, God i is every where preſent. 


Let us now compare, this idea with that of the N 
wy Wolffans, who, repreſenting Deity under the idea 
of a point, attach him to one fixed place, as, in 
, « point cannot be in ſeveral places at once; | 

and how i is it poſſible to reconcile the divi ine omni- | 


potence, with the idea of a point? 


Death being a diſſolution of the union, , ſubſiſting 
: een the ſoul and body during life, we are en- 


abled to form ſome idea of the ſtate of the ſoul, 


after death. As the ſoul, during life, derives all 
it's knowledge through the medium of the ſenſes, 
being deprived, by death, of che information | 
5 communicated through the ſenſes, it no longer 


knows what is paſſing in the material world; this 


ſtate might, in ſome reſpetts, be compared to that 
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of a man who ſhould, all at once, become blind, 
deaf, dumb, and deprived of the uſe of all the 
other ſenſes. Such a man would retain the know- 
ledge which he had acquired, through the medium 
of ſenſe, and might continue to reflect on ideas, 
peviouſly formed; his own actions, eſpecially, 
might ſupply an ample ſtore, and, finally, the fa- 


culty of reaſoning might remain entire, as the 8 


body, in no reſpect N contributes to it's 
exerciſe. 
Sleep, likewiſe, furniſhes us with ſomethi ing like + 
an example of this ſtate, as the union between ſoul 
and body is then, i ina great meaſure, interrupted ; 
though the ſoul, even in fleep, ceaſes not from 
exerting it's activity, being employed in the pro- 
duction of what we call dreams. Theſe dreams 
: "ns uſually very much diſturbed, by the 1 remains 
of the influence which the ſenſes ſtill exerciſe over 


the foul ; and we know, by experience, that he 
more this influence is ſuſpended, which is the caſe 
in very profound ſleep, the more regular and con- 


7 nected, likewiſe, our dreams are. Thus, after 
death, we (hall find ourſelves in a more perfect 
ſtate of dreaming, which nothing ſhall be able to 
2 diſcompoſe: : it ſhall conſiſt of repreſentations, and aha 
reaſonings, perfectly well kept up. And this, in 


my opinion, is nearly all we can ſay of 1 it, at leaſt, 
with any appearance of reaſon. 


13th Fanuary, Lina £ 3 
LETTER 
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LETTER XCIV. 


Conſt derations on the Aftion of the Soul upon the Body, 
and of the Body upon the Soul. 


"0 the ſoul | is the principal part of our being, ” 
Eid is of high 1 importance, thoroughly to in- 
veſtigate i it's operations. You will pleaſe to recol- 
lect, that the union between the ſoul and the body, 
contains a two-fold influence: by the one, the ſoul 
perceives and feels all that paſſes in a certain part = 
of the brain; and by the other, it has the power of 
acting on that ſame portion of the brain, - and of : 
producing certain motions in it. | 
Anatomiſts have taken infinite pains to diſcover 
this part of the brain, which is juſtly called the 


ſeat of the ſoul; not that the ſoul actually reſides 


= there, for it is not confined to any place, but be- 
_ cauſe the power of acting is attached to that ſpot. 
It may be faid, that the ſoul is preſent there, but 


not that it exiſts there, or that it's exiſtence -is 
| limited to it. This part of the brain i is, undoubt- 


| edly, that in which all the nerves terminate; now, 
anatomiſts tell us, that this termination is in a 
certain portion of the brain, which they term the 
callous body. This, therefore, we may conſider "We 
the ſeat of the ſoul, and the Creator has beſtowed, 
upon every foul, ſuch a power over this callous 
membrane 
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| ſerve a two-fold action: the one, by which the 
| body acts upon the ſoul, and the other, by which 
195 the ſoul acts upon the body, but theſe actions are 


” infinitely different from thoſe which bodies exerciſe 2 
upon other bodies. 


i 
4 
: 
N 
4 
4 we 


membrane! of his body, that it not only perceives 
all that paſſes there, but is, likewiſe, able to pro- 
duce a reciprocal impreſſion. Here, then, we ob- 


The ſoul, from its union wich the cor pus callofum, | 


finds itſelf intimately connected with the whole bo; 
dy, by means of the nerves, which are thence U 
verſally diffuſed. Now, the nerves are fibres ſo ” 
wonderfully conſtructed, and, to all appearance, 8 
jlilled with a fluid ſo fubtile, that the flighteſt change 
which they undergo, at one extremity, is inſtantly | 
communicated to other extremity in the brain, 
where the ſeat of the ſoul | is. And, reciprocally, 
the ſlighteſt impreſſion made by che ſoul, on the 
extremities of the nerves, in the £01 pus callgum, 18 
5 immediately tranſmitted through the whole extent 
of every nerve; and it is thus, that the muſcles 
and members of our bodies are pot i in motion, and 
5 obey che commands of the foul. 


* Since 3 have given us a more exact and particular 


deſcription of the brain, we have been obliged to relinquiſh this 
opinion : but their labours may, perhaps, one day inform us, 
what we are to underſtand by the origin of the nerves, and 


even, to a certain point, in what manner er tranſmit to the 
| brain, the impreſſions which they receive. 


— 7 RE 
This 


A GERMAN PRINCESS, 413 


This wonderful ſtructure of the body, places it 
in a very cloſe connection with all exterior objects, 
whether near or remote, which may act upon it, 
either by immediate contact, as in feeling and taſt- 
f ing; 'Y or by their exhalations, as in ſmelling. Bo- 
dies, at a great diſtance, act on the ſenſe of hear- 
| ing, when they make a noiſe, and excite in the 
air vibrations which ſtrike our ears; they act, like- 
_ wile, 1 upon the ſight, when they are illumined, and 
tranſmit! into our eyes the rays of light, which con- 
7 fiſt, in like manner, in a certain vibration, cauſed 
1 that medium, much more ſubtile than the 
— 4 which we call Ether. It is thus that bodies, 
both near and remote, may act upon the nerves of 
our body, and produce certain impreſſions 1 in the 
cor pus callofum, from N hich the foul derives it” 1 
perceptions. 1 e 
From every thing, therefore, which nabe an 
| e on our nerves, there reſults 4 certain 5 
change in the braip, of which che ſoul has a per- 
ception, and, thereby, acquires the idea of the ob- 
ject which cauſed it. We have here, then, two 
; things to be examined : the one is corporeal, or 
material, which is the impreſſion, or the change 
produced in the corpus calloſum of the brain; the 
other ſpiritual, namely, the perception, or the in- 
| formation, which the ſoul derives from it. It is, 
if J may ſo expreſs myſelf, from the contemplation 
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of what paſſes in the corpus calloſum, that all our 
knowledge i is derived. 
You muſt permit me to enter into a more par- 
ticular detail, on this important article. Let us, 
firſt, conſider one ſingle ſenſe, ſay, that of ſmell- 
ing, which being the leaſt complicated, ſeems the 
moſt proper to aſſiſt us in our reſearches. Suppoſe 
all the other ſenſes annihilated, and that a roſe 
was applied to the noſe; it's exhalations would, 
at once, excite a certain agitation in the nerves off 
the noſe, which, thence tranſmitted to the cor [us 
calloſum, will occaſion there, likewiſe, ſome change, 
and in this conſiſts the material circumſtance, 


which is the ſubject of our inveſtigation. This 


light change, produced in the corpus callaſum, is | 
then perceived by the ſoul, and i it thence acquires | 


the idea of the ſmell of a roſe : and this is the bi- 


ritual operation which takes place; but we cannot 
explain! in what manner this is done, as it depends 


>. onthe incomprehenſible union which the Creator 1 
5 has eſtabliſhed, between the body and the ſoul. ; 

* is certain, however, that upon this change, i in | 

. the corpus calleſum, there | 18 excited 1 in the foul, the OY 


idea of the ſmell of a roſe, or the contemplation 
of this change, furaiſhes to the ſoul a certain idea, 
that of the ſmell of a role, but nothing more : for, 
as the other ſenſes are ſuſpended, the ſoul can form 
no > JOGgmens- of the nature of the object. itſelf, 
= 7 which 
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which ſuggeſted this idea ; the idea of the ſmell 
of a roſe alone, was excited in the ſoul. Hence, 
we comprehend, that the ſoul does not form this 
idea of itſelf, for it would have remained unknown, 
but for the preſence of a roſe. But farther, the 
| ſoul is not indifferent with reſpect to it; the per- 
ception of this idea | is agreeable ; the ſoul itſelf is, 
ſome how, intereſted in it. Accordingly, we lay, 
_ that the ſoul feels the odour of the roſe, and this 
: perception we call ſenſation. 


It is the ſame with all the other ſenſes; ; every 


; objeck, by which they are ſtruck, excites in the 


corpus calloſum a certain change, which the ſoul 
obſerves with a ſenſation, agreeable or diſagree- 


- able, and from which it derives the idea of the 
object which cauſed | it. This idea is accompanied 
” with a ſenſation, fo much the ſtronger, and more 


intenſe, as the impreſſion made on the corpus cal- 
loſum is more lively. It is thus, that the ſoul, by - 


| contemplating the changes produced in the corpus 


: calloſu im of the brain, acquires ideas, and is affected 


by them ; and this 1s w hat we underſtand by the 
. term, 2 . 


E 


Wend, then, have no other ſenſation than that of 
N odours, the diverſity of which, were it ever ſo 
5 great, could not very much intereſt our ſoul ; be- 
ing reſtricted to this, that agreeable ſmells would 
procure ſome degree of pleaſure, and ſuch as are 
en would excite ſome diſguſt, 
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LETTER XC. 
Y the Faculties of the Soul, and of 4 e 


AD we no other ſenſe but that of ſmelling, 
our knowledge would be very limited; we 


But this very circumſtance carries us forward to 


"i moſt important inquiry : Whence is it, that one 
ſtmell is agreeab! e, and another diſguſting ? ? It can- 
not be a matter of doubt, that agrecable ſmells ex- 
eite, _ In- the corpus callaſum, a different agitation 
from that which 1s produced by the diſagrecable; 3 
but how comes it, that one agitation, 1n the corpus 
calleſum, can give pleaſure to the ſoul, while an- 
other is offenſive, and even, frequently, becomes h 
inſupportable ? ? The cauſe of this difference reſides 
_ no longer! in body, and matter; we muſt look for 
it, in the nature of the ſoul itlelf, which enjoys: . 
Certain pleaſure 1 in feeling certain agitations, while 


others excite uneaſineſs: ; and the real cauſe of this 
— effect we do not know. 


Eider 


* 
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Hence we comprehend, that the ſoul does more 18 - 
than ſimply perceive what paſſes in the brain, or iN i 
corpus calloſum; it ſubjoins, to ſenſation, a judgment e 

reſpecting what it finds agreeable, or diſguſting, 
and, conſequently, exerciſes, beſide the faculty of 
perceiving, another, and a different faculty, that of 
judging : and this judgment is wholly different 
from the ſimple idea of a ſmell, 

The ſame conſideration, of the ſenſe of ſmelling ; 

only. diſcovers to us ſtill other acts of the ſoul. 

When the ſmells are changed, when you apply to 

=> the noſe a carnation after a roſe, the ſoul has not 

only a perception of both ſmells, but, likewiſe, 

remarks a difference between them. Hence we 

. conclude, that the ſoul {till retains the preceding 
idea, to compare it with that which follows; in 
this conſiſts reniniſcence, or memory „ by which we 

have the power of recalling | ideas, antecedent and 

paſt. Now, the real ſource of | memory is entirely i 

conce aled from us. We know well, that the body 

has much to do in it; for experience aſſures us, 

At diſeaſe, and various accidents, which befal = 

5 the body, weaken, and frequently deſtroy, the me- 

mory: it is equally certain, at the ſame time, that 

the recollection of ideas is the proper work of the 

ſoul. A recollected idea 1s eſſentially different 

from an idea excited by an object. 1 have A 

feet recolle&ion of the ſun, which I faw to day. 

Vol. I. 2 but 
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but this idea greatly differs from that which I had 
while I was looking at the ſun. 
Some authors pretend, that when we recall an 
idea, there happens in the brain an agitation ſimilar 
to that which firſt produced it; but if this were 


- the caſe, 1 ſhould actually ſee the ſun; it would no 


longer be a recollected idea. They admit, indeed, - 
that the agitation which accompanies the recalled 
idea, is much weaker than that from which the ori- 
ginal idea proceeded; but ſtill I am not ſatisfied 1 
with this, for it would thence follow, that when I 
| recal the idea of the ſun, it would be much the 
fame as when I ſee the moon, the light of which, 11 
you will pleaſe to remember, is about 200,000 
times weaker than that of the ſun. But actually to 
look at the moon, and ſimply to recollect the ſun, > 

| are two things abſolutely different. 5 e 
We may fay with truth, that the ee 
a ideas are the ſame with the actual ideas; but this 
identity reſ pects only the ſoul; with regard to the 
body, the actual idea is accompanied with a cer- 
tain agitation in the brain, whereas the recolle&t- xl: 


one is deſtitute of it. Accordingly, we ſay, that a 
1 Ihe idea which I feel, or which an object acting on 


my ſenſes excites in my ſoul, is a ſenſation; but it 
can with no propriety be ſaid, that a recollected 
= idea 1 is a ſenſation. To recollect, and to feel, al- 
5 ways remain two things, abſolutely different. 


When, — 
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When, therefore, the ſoul compares two diffe- 
rent ſmells, when it has the idea of the one from 
the preſence of an object acting on the ſenſe of 


| ſmelling, and that of the other from recollection, 
it has, In fact, two ideas at once, the actual idea, 
and the recollected idea: and in pronouncing, 
= whether of the two is more or leſs agreeable, or : 


diſagreeable, it exerts a particular faculty, diſtinct 


from that by which it t only contemplates what is 


5 preſented to it. 


But the foul performs ſill other operations; 
when a ſucceſſion of ſeveral different ſmells is pre- 
ſented to it; for while it is ſtruck with each of 
theſe, in its turn, the preceding are recollected, 8 
and a notion 1s thereby acquired of paſt and pre- | 

1 and even of future, when new ſenſations are 
5 propoſed, ſimilar to thoſe of which it has already 
: | had experience. It thence, likewiſe, derives the 
idea of ſucceſſion, in as much as it undergoes ſeve- 
ral impreſſions ſucceflively, and hence reſults the 

5 idea of duration, and of time. F inally, on remark- . 

ing the diverſity of ſenſations, which ſucceed each 

5 other; it begins to reckon one, two, three, Ke. 

| though | this ſhould not go farther, from want of 

ſigns, or names, wherewith to mark numbers. Fo Of.” 

| ſuppoſing a man has juſt begun to exiſt, and who 
has hitherto experienced no ſenſations, but thoſe 


of which I have been ſpeaking ;/ far from having 
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created a language for himſelf, he only knows how 


to exert his firſt faculties, on the ſimple ideas 
which the ſenſe of ſmelling preſents to him. 
You ſee, then, that the man in queſtion, has 


already acquired the capacity of forming to him- 
ſelf ideas of diverſity, of the preſent, of the paſt, 
and even of the future ; afterwards, of ſucceſſion, 
of the duration of time, and of number, or, at leaſt, 
of the elements of theſe ideas. Some authors pre- 
tend, that ſuch a man could not acquire the idea 
of the duration of time, without a ſucceſſion of 8 
— different ſenſations ; bur it appears to me, that the 
ſame ſenſation, the ſmell of the roſe, for example, Ph 
being continued for a conſiderable time together, he 
would be differently affected by it, than he would, 
if it were preſently withdrawn. A very long dura- 5 
tion, of the ſame ſenſation, would, at length, become = 
- tireſome, which would, neceſſarily, excite in him | 
the idea of duration. It muſt certainly be allowed, 985 
that his ſoul would be ſenſible of a very different 
effect, if the ſenſation were continued long, than if it 
1 laſted only for a moment: and the ſoul will clearly 
” | perceive this difference; 5 it will, accordingly, have 
ſome idea of duration, and of time, without any 
i variation of the ſenſations. . 
Theſe reflect ions which che ſoul makes, occa- 
ſioned by its ſenſations, are what properly belong 
: to its Jpir —.— the body furniſhing only ſimple 


ſenſations. 
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. 


ſenſations. The perception of theſe ſenſations is, 
already, an act of the ſoul's ſpirituality; ; for a body 
can never acquire ideas. 


20th January, 1761. 


LETTER XI. 


Sy Convittion. of 1 the Exiſtence of het we eerie by the 
Senſes. Of the 8 E Toniſe, 4 and Mater ial ts. 


i I all the fonſitions which we experience, when 


one of our ſenſes 1 is ſtruck by any object, it isa 


matter of bigh importance to remark, that the ſoul 
not only acquires an idea, conformed to the 1 im- 


= preſſion made on the nerves, but that it Judges, at 
tlie ſame time, there muſt exiſt an exterior object, 


which furniſhed this idea. Though habit makes 
- conſider this judgment as extremely natural, yet 


we have reaſon to be aſtoniſhed at it, when we ex- 
amine, more attentively, what then paſſes i ar. 


brain. 
An example will place this ina clear light. I 
7 mall ſuppoſe you looking at the full moon, by 

night; the rays which enter into your eyes will, 


at once, paint on the retina, an image ſimilar to 
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the moon, for the minute particles of the retina 


are, by the rays, put into a vibration ſimilar to 
that which agitates thoſe of the moon. Now, the 


retina, being only a contexture of nerves, ex- 


tremely ſubtile, you eaſily comprehend, that theſe 
nerves muſt hence undergo * certain agitation, 
which will be tranſmitted to the origin of the 
nerves in the brain. There will be excited, there- | 
fore, likewiſe, in that portion of the brain, a cer- 
tain agitation, which! is the real object that the ſoul 
contemplates, and from which it derives an article | 
SH of knowledge, which is the idea of the moon. 
Conſequently, the idea of the moon is nothing 
elſe, but the contemplation of this flight agitation, p 
affecting the origin of the nerves. 


The activity of the ſoul 1 18 ſo much attached to 


the ſpot in which the nerves terminate, that it ab- 
1 ſolutely knows nothing of the images painted on 
the bottom of the eye, and ſill leſs of the moon, 
whoſe rays have formed theſe images. T he ſoul, 
however, does not ſatisfy irfelf with the mere ſpe- 
culation of the agitation in the brain, which ſup- 
. plies 1 it immediately with the idea of the moon, it 
ſubjoins to this, the judgment, that there really ex- 
iſts, out of us, an object, which we call the moon. 
This judgment is reduced ro the en rea- 
ſoning. . 
There bas taken place i in my brain a certain agi- — 
tation, a certain impreſſion; I do not abſolutely 


Ya ORE. SF Ie! 


Know : 
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know by what cauſe it has been produced, as [ 


| know nothing even of the images, which are the 
immediate cauſe of it upon the retina ; neverthe- 


lefs, | boldly pronounce, that there is a body out 


: of i me, the moon, which — me with chis ſen- 


7 and that this body i is the moon. pk 


In fleep, when we imagine we ſee the moon, the 
foul acquires the ſame idea : and, perhaps, a fimi- 
2885 lar agitation is then produced in the brain, as the 
ſoul 1 imagines that it then really ſees the moon. It 
is, undoubtedly, certain, that, in this, we deceive 
_ ourſelves: but what aſſurance have we, that our 
judgment i is better founded when we are awake? 


0-4 Fhiloſo: 


- What a conſequence ? ? May it not be more pro- 
bebte, that this agitation, or this impreſſion, is 
produced, in my brain, by ſome internal cauſe, 
: ſuch as the motion of the blood, or, perhaps, 
5 merely by chance? What right have I; then, to 
conclude, that the moon actually exiſts ? ? If I con- 
cluded from it, that there is, at the bottom of my 
eye, a certain image, this might paſs; 15, in fact, 
this image is the immediate cauſe of the impreſ- : 
fion made on my brain ; ; though it was ſufficiently 
bold to hazard even this concluſion. But 1g0 | 
much farther, and, becauſe” there is a certain agi- 
tation in my brain, I proceed to conclude, that 
there exiſts, out of my body, nay, in the heavens, - 
a body which is the firſt cauſe of ſuch impreſſion, 
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Philoſophers have loſt their way, more than once, 


in endeavouring to ſolve this difficulty. 


What I have juſt ſaid, reſpecting the moon, 


takes place with regard to all the bodies which we 
ſet. The conſequence is not apparent, that there 
. muſt exiſt bodies out of us, becauſe our brain un- 
dergoes certain agitations, or impreſſions. This 
applies even to our own limbs, and to our whole 
body, of which we know nothing but by means of 
the ſenſes, and of the impreſſions which they make 
in the brain : : if, then, theſe impreſſions, and the 
ideas which the ſoul derives from them, prove no- - 
— thing as to the exiſtence of body, that of our own 
. becomes equally doubtful. f - 


You will not, therefore, be ed that there | 


ſhould be philoſophers, who have openly denied 
the exiſtence of bodies ; and, in truth, it is not 
eaſy to refute them. They derive a very ſtrong 
argument from dreams, f in which we imagine, that 
We ſee ſo many bodies, which have no exiſtence. 
Tri is faid, with truth, that, then, it is pure illu⸗ | 
ſion ; but what aſſurance have we, that we are not 
under the power of a ſimilar illuſion when awake! 3 
| According to theſe philoſophers, it is not an illu. 
ſion: the ſoul, they admit, perceives a certain im- 
preſſion, an idea, but they boldly deny it to be a 
| conſequence, that bodies really exiſt, which cor- 
reſpond to thoſe ideas. The ſupporters of this 
7 are called Lleuliſ, becauſe they admit the 


ideas a 
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ideas only of material things, and abſolutely deny 
their exiſtence, They may, likewiſe, be denomi- 


_ nated Spiritualiſts, as they maintain, that no beings 
exiſt, except ſpirits. 


And as we do not know other ſpirits, but by 
. means of the ſenſes, or of ideas, there are philoſo- 
phers who go ſo far as to deny the exiſtence of all 


. ſpirits, their own ſoul excepted, of the exiſtence 


5 of which every one is completely convinced. Theſe 
are called Egoliſis, becauſe they pretend that no- 


: thing exiſts but their own ſoul. 


— NS them are oppoſed the philoſophers, whom 
: we denominate Materialiſts, who deny the exiſt- 


ence of ſpirits, and maintain, that every thing 
which exiſts is matter, and that what we call our 


ſoul is only matter, extremely ſubtile, and thereby 
| rendered capable of thought. | 


”— 4 1701. 
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LETTER XCVI, 
Reftaton of the Ideal N. 


- WISH it were in my power to furniſh you with 
the arms neceſſary to combat the Idealiſts and 
the Egotiſts; by demonſtrating, that there is a real 
connection between our ſenſations, and the objects 
themſelves, which they repreſent ; but the more 15 
think of it, the more I feel my own incapacity. 
It would be ridiculous to think of engaging with 
the Egotiſts: : for a man who imagines he alone 
- exiſts, and who does not believe in my exiſtence, 
would act in contradiction to his own ſyſtem, if 
be paid any attention to my reaſoning, which, ac- 
cording to him, would be that of an imaginary 
being. It i is, likewiſe, a hard taſk. to confute the 
Idealiſts, nay, it is impoſſible to convince, of the 
5 exiſtence of bodies, a man obſtinately determined : 
to deny i it. Though no ſuch philoſophers exiſted, 
it would be highly intereſting to be able to con- -- 
vince ourſelves, that as often as our ſoul experi- 
ences ſenſations, it may be, with certainty, con- 
cluded, that bodies, likewiſe, exiſt; and that, 
when my ſoul is affected by the ſenſation of the 
moon, I may, thence, boldly infer the exiſtence of 
the moon. 


But 
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But the union which the Creator has eftabliſhed 
between the ſoul and the brain, is a myſtery fo 
unfathomable, that all our knowledge of it amounts 
only to this: Certain impreſſions made in the 
brain, where the ſeat of the ſoul is, excite in it 
certain ideas, or ſenſations ; but the how, of this 
| influence, i IS abſolutely unknown to us. We ought 
to ſatisfy ourſelves with knowing, that this influ- 
ence ſubſiſts, which experience ſufficiently con- 
firms; and it is in vain to inveſtigate, how this is 
produced. Now, the ſame experience which proves 
it, informs us, likewiſe, that every ſenſation al- 
ways diſpoſes the ſoul to believe, that there exiſts, 
out of it, ſome object which excited ſuch ſenſa- 
tion; and that ſenſation diſcovers to us ſeveral : 
properties of the object. . 
It is, then, a moſt undoubted fac, chat the ſoul - 
always concludes, from any ſenſation whatever, the 
exiſtence of a real obje&, out of us. This is ſo ö 
natural to us, from our earlieſt infancy, and fo uni- 
verſally the caſe with all men, and even with ani- 
mals, that it cannot, with any propriety, be called | 
2 prejudice. The dog that barks when he ſees me, 
I certainly convinced that I exiſt; for my preſence 
excites in him the idea of my perſon. The dog, 
then, is not an idealiſt. Even the meaneſt inſects 
ate aſſured, that bodies exiſt, out of them, and 
they could not have this conviction, but by the 
ſenſations excited in their ſouls. e 
| I believe, 


-” a 1 
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1 believe, therefore, that ſenſations include much 
more than thoſe philoſophers are diſpoſed to ad- 
mit. They are not only ſimple perceptions, of 
certain impreſſions made in the brain; they ſup- 
ply the ſoul not with ideas only, but they effec- 
uvely repreſent to it, objects externally exiſting, 
though we cannot comprehend how this is done. 


In fact, what reſemblance can there be, between 1 


the luminous idea of che moon, and the ſlight im- 
preſſion which its rays may produce, in the brain, 


by means of nerves ? 


The idea, even in as far : as the ſoul perceives it, 
has nothing material; it is an act of the ſoul, 5 


which is a ſpirit: it is not neceſſary, therefore, to 1 


look for a real relation, between the impreſſions of - 


| the brain, and the ideas of the ſoul; it is enough | 
for us-to know, that certain impreſſions, made in 
the brain, excite certain ideas in the ſoul, and that 

- theſe ideas are repreſentations of objects externally | 
_ exiſting, of whoſe exiſtence they give us the af- 
ſurance. 7 
Thus, when my We excites in my ſoul the . 
00 of a tree, or of a houſe, I pronounce, 

' without heſitation, that a tree, or a houſe, really 
exiſts, out of me, of which I know the place, the 
ſize, and other properties. Accordingly, we find 
neither man, nor beaſt, who calls this truth in 

5 queſtion. If a clown ſhould take it into his head 
to conceive ſuch a doubt: and ſhould ſay, for ex- 
ample, 
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ample, he does not believe that his bailiff exiſts, 
for a madman, and with good reaſon ; but when a 


we ſhould admire his knowledge and ſagacity, 
which infinitely ſurpaſs the PTE of the 
vulgar. 

* appears to me, i 0 0 cer- 


have been maintained, but from pride, and an af- 
that the common people have, in this reſpect, 


7 8 much more good ſenſe than thoſe learned enen 
. men, who derive 110 other advantage from their re- 


ſearches, but that of bewildering theraſclves, in a 
labyrinth of chimeras, OE to the reſt of 


1 mankind *. 


an idea, but ſhews it, if T may fo expreſs myſelf, i 


ence, in the Encyclopedia, the only work in which theſe queſtions 
have been treated with an exact analyſis—F. E. 


aſſurance, 


though he ſtands in his preſence, he would be taken 
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tain, that ſuch extravagant ſentiments would never 


fectation of ſingularity: and you will readily agree, 


Let it be effabliſhed, "then, as a certain wk 
— that erery ſenſation, not only excites in tlie ſoul 


an external object, of whoſe exiſtence it es full 


* Mr. Baker ſeems, here, to be confounding two different Bs 
queſtions, that of the exiſtence of exterior objects, and that of a 
kind of real reſemblance, between theſe objects and the idea 
which we have of them. Barclay has, however, carefully diſtin- 
guiſhed them, and has clearly pointed out the difference. All 
we can, at preſent, do, is to refer the reader to the article Exiſt- 
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aſſurance, without practiſing a deception. A very 
formidable objection, however, is ſtarted againſt 


this, ariſing from dreams, and the reveries of fick 
perſons, in which the ſoul experiences a great va- 
riety of ſenſations of objects, which no where exiſt, 


The only reflection I ſhall ſuggeſt, on this ſubject, 


is, that it muſt be very natural for us to judge, 
that the objects, the ſenſations of which the ſoul 
experiences, really exiſt, as we judge after this 
: manner even in ſleep, though, then, we deceive 


ourſelves ; but it does not thence follow, that we 


likewiſe deceive ourſelves when we are awake. In 
order to ſolve this objection, it is neceſfary to know : 
better, the difference of the ſtate of the man who 8 
1 aſleep, and of him who wakes; ; and none, per- „ 
haps, know this leſs than the learned, which muſt, 
0 ſurely, be a matter of ſome ſurprize to you. 


| 87th Jamar, 1761. 


LETTER 
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LETTER XCVIII. 


The Faculty of Perceiving. "Hawes, Memory, 
and Attention. — and compound laces. : 


0 U n are, by this tins, ſenſible, chat objects, 
by acting upon our ſenſes, excite in the ſoul 

; ſenſations, from which we judge, that they really 
exiſt, out of us. Though the impreſſions, which 
occaſion theſe ſenſations, are made in the brain, : 
they preſent, then, to the ſoul, a ſpecies of i image 
; fimilar to the object which the ſoul perceives, and - 


Which i is called the ſenſi ble idea, becauſe i it is excited 


by the ſenſes.” Thus, on ſceing a dog, the ſoul 


5 acquires the idea of it, and it is by means of the 


ſenſes, that the ſoul comes to the knowledge of 
external objects, and acquires ſenſible ideas of 
them, which are the foundation of all our attain- 


ments in knowledge. 


This faculty of the ſoul, by Sich it acquires 


1 the knowledge of external things, is denominated 
the faculty of perception, and depends, no doubt, 


on the wonderful union which the Creator has 
eſtabliſhed between the ſoul and the brain. Now, 
the ſoul has ſtill another faculty, that of recalling 
ideas already communicated by the ſenſes; and 


this faculty is named reminiſcence, or imagination. 
Thus, 
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Thus, having once ſeen an elephant, you will be 
able to recolle& the idea of that animal, though it 


is no longer before you. There is, however, a 
905 mighty difference between actual, and recollected, 
ideas: the former make an impreſſion much more 
lively and intereſting than the latter, but the faculty 


of recalling ideas, | 18 the principal ſource of all our : 
| knowledge. : 


Did we loſe the ideas of objefts, as how's as hes 


. ceaſe to act upon our ſenſes, we ſhould never be 
able to make any reflection, any compariſon; and 
our knowledge would be entirely confined to the : 

i things which we ſhould feel at the moment, all 


preceding ideas being extinguiſhed, as if we had ; 
never poſſeſſed them. : 


It is, therefore, a faculty effential to reaſonable 


beings, and with which animals too are endowed, 5 
that of being able to recollect paſt ideas. Lou 
know the faculty, of which I ſpeak, is memory. It 
1 by no means follows, however, that we have it al- 

ways in our power to recall all our paſt ideas. How 
8 frequently do we exert ourſelves in vain, to recol- 

lect certain ideas, which we formerly had! ? Some- - 
times we forget them entirely; but for the moſt 
2 part only partially. _ 


If you ſhould happen, for 3 to forget : 


the demonſtration of the Pythagorcan theorem ; | 


with all your efforts, perhaps, you ſhould not be. 
able to- recollect i it, but this would be only a par- 


tial 
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tial forgetfulneſs; for as ſoon as I had again drawn 
the figure, and put you into the train of the de- 
monſtration, you will preſently recolle& it, and 

this ſecond demonſtration, will make on your | 

mind quite a different impreſſion from the firſt. 
We ſce, then, that the reminiſcence of ideas is not 
always in our power, though they may not be wholly 

extinguiſhed; and a flight circumſtance is, fre- 
quently, capable of reproducing them. 
Me muſt, therefore, carefully diſtinguiſh be- 


tween ſenſible and recollected ideas. Senſible ideas = 


are repreſented to us by the ſenſes; but we our- 
ſelves form recollected ideas, on the model of the 
15 ſenſible, as far; as we remember them. oo 
Ik!he doctrine of ideas is of the laſt importance, 
for the purpoſe of a thorough diſquiſition of the 
real ſources of human knowledge. And, firſt, 
| ideas are diſtinguiſhed i into ſimple and complex. . 
= ſimple idea is that in which the ſoul finds nothing 
=" oi diſtinguiſh, and remarks no parts different from 
each other. Such is, for example, the idea of a 


| ſuch i is, likewiſe, that of a ftar, in which we per- 


Ceéive only one luminous point. A complex idea 
is a repreſentation, i in which the ſoul | is able to di- 
ſtinguiſh ſeveral different things. When, for in- 
ſtance, we look attentively at the moon, we diſco- 
ver ſeveral dark ſpots, ſurrounded by contours 


more luminous; we remark, allo, her round figure, 
Vo. I. 5 E 5 22 when 


ſmell, or of a ſpot on a ſubſtance of one colour; 15 
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when ſhe is full, and her horned figure, when wax- 

ing, or waning. On viewing her through the tele- 

ſcope, there are many other Particulars diſtin- 
gvilhable. 

Ho many different things do v we not perceive, 
in beholding a noble palace, or a fine garden ? 
When you do me the honour to read this letter, 
you will diſcover in it the different traits of the 
characters, which you can, with eaſe, diſtinguiſh 

from each other. E his, then, is a complex idea, 
as it contains a variety of ſimple ideas. Not only 

this letter, taken in whole, preſents a complex idea, 
from its conſſting of a plurality of words; but 


every word too is a complex idea, being compoſed | 


of ſeveral characters; ; nay, every character is one, 
from the ſingularity of the form which diſtin- 5 
guiſhes it from others: but the elements, or 
points, which conſtitute every character, may be 
conſidered as ſimple ideas, in as much as you no 
longer perceive in them any diverſity. A greater 
degree of attention will, likewiſe, diſcover ſome 
variety in theſe ee, on en them through 
; a microſcope. EE - ; 
There is a great difference, therefore, « even in 
the manner of contemplating objects. When we : 
: obſerve them only ſlightly, and tranſiently, we per- 
ceive very little variety; but, to an attentive con- 


1 ſideration, every particular detail ſtands diſcloſed. 


A ſavage, on chrowing his eyes over this letter, 
will 


A GERMAN PRINCESS, 435 


will take it for a piece of paper ſcribbled all over, 
and will diſtinguiſh only the black from the white, 
whereas an attentive reader obſerves in it the pe- 
culiar form of every character. Here, then, we 
have a new faculty of the ſoul, denominated atien- 
iion, by which it acquires the ſimple ideas of. the 
different things that meet in one object. 
Attention requires addreſs, the reſult of long : 
and frequent exerciſe, to render it capable of di- 
ſtinguiſhing the different parts of an object. A 
clown, and an architect, paſſing by a palace, will 
both receive the impreſſion of the rays: which 
enter into their eyes; but the architect will diſ- 


cover a thouſand minute particulars, of which the 


clown has no perception. Attention alone pro- - 
5 duces this difference. . 


Z u, 1761. 
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LETTER XCIX. 


Divi 7011 of Ideas into clear and obſcure, 22 and 
conf w_ Of ä 


TE we confider, i in a flight m manner only, a repre- 
ſentation. made to us by che ſenſes, the idea 
"which we acquire from it is very imperfect, and 
we ſay i it is ohſcure: but the more attention that we 
employ, to diſtinguiſh all its parts, the more per- 
fea, or diſtin, our idea will become. In order to 


5 acquire a perfect, or diſtinct, idea of an object, it 


is not, then , ſufficient, that it ſhould be repreſented 


Cy in the brain, by impreſſions made upon the ſenſes, 


the ſoul, too, muſt apply its attention, which! is, 
8 properly, an acc of che ſoul, independent upon the 
body. 5 
e 0 W farther . that the repreſentation, in 
5 the brain, | ſhould be well expreſſed, and contain 


: the different parts and qualities which characterize 


the object. This takes place, when the object 1 18 
preſented to the ſenſes i in aſuitable manner. When, 
for example, I ſee a piece of writing, at the dif- 


tance of ten feet, 4 am unable to read i it, let me 


employ whatever degree of attention I may ; the 


diflance of the characters prevents their being ac- 


curately expreſſed, on the bottom of the eye, and, 
een, 
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conſequently, alſo, in the brain: but if the ſame 

writing is brought to a proper diſtance, I can read 

it, becauſe then all the characters are diſtinctly re- 

5 preſented, on the bottom of the eye. 

You know that we employ certain inſtruments, 
in order to procure a more perfect repreſentation, 
in the organs of ſenſe; ſuch as microſcopes and 

teleſcopes; which are intended as ſupplements to 

_ the. imperfection of viſion. But, in employing 

their aſſiſtance, we are incapable of attaining a di- 

1 ſtin& idea, without attention ; otherwiſe we ac- 
quire but an obſcure idea, nearly ſuch as we ſhould | 
wy had, by taking a glimpſe of the object only. 


1 have already remarked, that ſenſations are by ED 


no means indifferent ro the ſoul, but agreeable, or 
diſagreeable: and this agreeableneſs, or its oppo- 
. ine, excites our attention. unleſs the ſoul i is pre- 
occupied, by ſeveral other ſenſations, which en · 
tirely engrols 1 it: this laſt ſtate of the foul ! is termed 
diſtractin. 555 . 
> Exerciſe, likewiſe, greatly e toſtrengthen 
attention; and there cannot be a mode of exerciſe ö 
more ſuitable to children, than teaching them to 1 


read; for they are thereby laid under the neceſſity 


of fixing their attention, ſucceſſively, on every 
5 charakter, and of impreſſing on their minds a clear 
idea of the figure of each. It is eaſy to ſee, that 
this exerciſe muſt be, at firſt, extremely painful; 


but ſuch a habit 1 is ſpeedily acquired, that even a 
Fi 3 = child, 
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child, after a little application, can read with afta+ 
niſhing quickneſs. In reading a piece of writing, 


we muſt have a very diſtinct idea of every charac- 
ter; thus attention is ſuſceptible of a very high de- 
; gree of perfection, from exerciſe. 


With what amazing rapidity will a proficient 1 in 


muſic execute the moſt difficult piece, though he 
never ſaw it before. It 1 is certain, that his attention | 
muſt have run over all the notes, one after an- 
other, and that he remarked. the ſignification of 
each. His attention, however, is not confined only 
to theſe notes; . preſides, likewiſe, over the mo- 
tion of the fingers, not one of which moves but by 
an exprels « order of the ſoul; he remarks, like- 1 
wiſe, at the ſame time, how the other performers | 
execute their parts. It i is, upon the whole, altoge- 
ther ſurprizing, to what a height the addreſs of 
the human mind may be carried by application 
and exerciſe. Shew the ſame piece of muſic to a 
: beginner ; ; how much time does it require to im- 
preſs on his mind the ſignification of every note, 
and to give him a complete idea of it: while me 


: maſter acquires it by, almoſt, a ſingle glance. . 


This ability extends, equally, to all other kinds ” 


7 obje&s, in which one man may infinitely ſur- 
paſs another. There are perſons who, with one 
glance fixed on a perſon paſſing before them, ac- 
quire a diſtinct idea, not only of all the features of 


the face, but the particulars of his whole dreſs, 


down 
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down to the ited trifles, while others are inca- 
pable of remarking the moſt ſtriking circum- 
£ ſtances. 
We obſerve, i in this reſpect, an infinite difference 
among men. Some, promptly, catch all the diffe- 
rent marks of an object, and form to themſelves a 
diſtin& idea of it, while that formed by others is 
extremely obſcure. This difference depends, not 
only on mental penetration, but, likew iſe, on the 
nature of the objects. A muſician catches, at 
once, the whole piece of muſic, and acquires 2 di- : 
_ flin& idea of it: but preſent him with a piece of 
writing in Chineſe characters, and he will have 
only very obſcure ideas, indeed, of ſuch writing: 
the Chineſe, on the contrary, will know, at firſt 
fight, the real import of each character, but will, i 
in his turn, underſtand nothing of muſical notes. | 
The botanift obſerves in A plant, which he never | 
ſaw before, a thouſand particulars which eſcape the 
8 attention of another; and the archite t diſcerns, 
by a ſingle glance, in a building, nt any things 
which another, with a much greater degree of at- 
tention, could not have diſcovered. 
It 18 always uſeful to form diſtinct ideas of the 
objects preſented to our ſenſes; in other words, 
to remark all the parts of which they ar: com- 
. poſed, and the marks which diſtinguiſh, and cha- 
racterize them. From theſe obſervations, you will 
_ eaſily Fomprepoud: the diviſion of ideas, into ob- 


£14 : ſcure 
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ſcure and clear, into confuſed and diſtinct. The 
more diſtinct they are, the more they contribute 
to the advancement of knowledge, 


34 February, 1761, 


. of the Abfraftion + N otions. N otions general ond 
5 individual. of Genus aud S 8 Fo 


| HE Gala 88 85 ly which exiſt 1 
1 externally; and ſenſible ideas all refer to 
them; but, of theſe ſenſible ideas, the ſoul forms 
to itſelf a variety of other ideas, which are, indeed, 55 

derived from theſe, but which no longer reprſn 

objects really exiſting. 5 
When, for example, I look at the full moon, | 
and fix my attention only on its contour, I form 
the idea of roundneſs ; but I cannot affirm, that 


roundneſs exiſts of itſelf. The moon is round, Fu 


but the round figure does not exiſt ſeparately, out 

of the moon. It is the ſame, with reſpect to all 
other figures; and when I ſee a triangular, or 
ſquare table, I may have the idea of a triangle, or 
of a ſquare, though ſuch a figure exiſts no where 


of 
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of itſelf, or ſeparately from an object poſſeſſing 
that figure, 
The ideas of numbers have the fame origin. 
Faving ſeen two or three perſons, the ſoul forms 
the idea of two or three, without attaching it any 
longer to the perſons. Having already acquired 
the idea of three, the ſoul 1 is able to proceed, and 
to form che ideas of greater numbers, of four, five, 
ten, a hundred, a thouſand, and fo on, without 
ever having preciſely ſeen ſo many things together. 
A ſingle inſtance, therefore, i in which we have ſeen 
two or three objects, may carry the ſoul forward, 
to the formation of the ideas of other numbers, be 
they ever ſo great. - 152 
The ſame thing holds as to Ae andy you 
: have the power of forming to yourſelf the idea of 
a polygon, with 1761 ſides, for example, though 
you never have ſeen an object of that form, and 
though no one ſuch, perhaps, ever exiſted. 
| Here the ſoul exerts a new faculty, which i is 
called the power of abſtrafion ; this takes place, 
when the ſoul fixes its attention on only one quan- 
tity, or quality of the object, and conſiders it ſe- 
ö parately, as if it were no longer attached to the ob- 
ject. When, for inſtance, I put my hand on a 
| heated ſtone, and confine my attention to the heat 
only, I form from it the idea of heat, which is no 
longer attached to the ſtone. This idea, of hear, 
is formed by abſtraction, as it is ſeparated from the 
ſtone, 
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| Kone, and the foul might have derived the fame 
idea from touching a piece of wood heated, or by 
plunging the hand into hot water, 

Thus, by means of abſtraction, the ſou! forms a 
thouſand other ideas of the quantities, and proper- 
ties of objects, by feparating them, afterwards, 
from the objects themſelves: : as, when | ſee a red 

coat, and fix my attention only on the colour; 1 
form the idea of red, ſeparate from the coat, and 
it is obvious, that a red flower, or any other fub- 
ſtance of that colour, would have <nailed 1 me to 55 
form the fame ide. | | 
| Theſe ideas, acquired by Abts dio, are deno- 

minated not ions, to diſtinguiſh them from leuft ible. 
- ideas, which repreſent to us objects really exiſting. 
It is alleged, that che power of abſtraction is a 
prerogative of men, and of other rational beings, 
and that the beaſts are entirely deſtitute of 1 ir. K 
: beaſt may experience the ſame ſenſation of hot wa- 


ter, that we do, but is unable to ſe pa ate the idea e 
of heat, and that of the water itſelf : ir knows heat, 8 


only 1 in ſo far as it is connected wich the water, but 
has not the abſtract idea of heat which we have. 
It is faid, that theſe notions are general ideas, 5 
which extend to ſeveral things at once, as we may 
find heat 1 in ſtone, wood, water, or any other bo- 
dy; but our idea of heat is not attached to any 
one body ; 3 for, if my idea of heat weile attached 
to a certain ſtone, which firſt ſupplied me with 


that 


. 
— 


* ” 
— ͤ—— 
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hat idea, I could not affirm that wood, or other 
; bodies were hot. Hence, it 1s evident, that theſe 
' notions, or general ideas, are not attached to cer- 
tain objects, as ſenſible ideas are; and as they di- 
ſtinguiſh man from the brute creation, they pro- 
perly exalt him to a degree of rationality, wholly 
unattainable by the beaſts, 
There is, ſtill farther, a ſpecies of notions, like- 
- wiſe, formed by abſtraction, which ſupply the ſoul 
with the moſt 1 important ſubjects on which to em- 
ploy its powers: theſe are the ideas of genus and 
ſpecies. When I ſee ; a pear- tree, a cherry-tree, an 
apple- tree, an oak, a fir, &c. all theſe ideas are 
different; * nevertheleſs, remark 1 in them ſeveral 
things which they have in common z as the trunk, 
the branches, and the roots; I ſtop ſhort only at 
thoſe things which the different ideas have in com- 
| mon, and the object, in which all ſuch qualities 
meet, I call a tree. Thus the idea of tree, which 
I have formed in this manner, is a general notion, 
and comprehends the ſenſible ideas of the pear- 
tree, the apple- tree, and, in general, of every tree 
that exiſts. oy, 3535 
D Now, the tree which correſponds to my idea of = 
tree, no where exiſts; it is not the pear-tree, for 
hs the apple would not be comprehended under 
it; for the ſame reaſon, it is not the cherry-tree, 
nor the plumb, nor the oak, &c.; in a word, it 
= exiſts only” in my foul; it is only an idea, but 
which 
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which is realized in an infinite number of objects. 
In like manner, when I ſpeak of a cherry. tree, it 
too is a general notion, which comprehends all the 
cherry c trees that exiſt : this notion is not reſtrict- 


ed to a particular cherry. tree, in my garden: for, 
then, every other cherry- tree would be excluded. 


With reſpect to general notions, every exiſting : 


object, comprehended under one, is denominated 
an individual, and the general idea, lay that of the 
cherry- tree, is denominated ſpecies, or genus. Theſe 
two words ſignify nearly the ſame thing, but genus 
is the more comprehenſive, including in it a va- 
riety of ſpecies. Thus, the notion of a tree may 
— - conſidered as a genus, as it includes the notions = 
— a pear-trees, apple- trees, oaks, firs, and fo on, 
which are ſpecies ; and of fo many others, each of 
which contains A great number of exiſting 1 indi- 
viduals. = 


This manner af forming general ideas, is is, there- Nh 


fore, likewiſe, performed by abſtraction, and it is 
here, chiefly, that the ſoul exerts the activity, and 
performs the operations, from which all our know- 1 
ledge i 18 derived. Without theſe general notions, 5 
we ſhould differ nothing from the brutes. 


7th Rid 1761. 
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Oo Loi: it s N ature, Adoettagis; and N eceſ. 
ey, in order to the Communication of Thought, and ; 
"ou Cultivation of Knowledge. 


} HATEVER aptitude a a man may 3 to 
: Y exerciſe the power of abſtraction, and to 
farniſh  bimſelf with general ideas, he can make no 
conſiderable progreſs without the aid of language, ; 
ſpoken « or written. Both the one and the other 
contains a variety of words, which are only certain 
5 ſigns, correſponding to our ideas, and whoſe figni- | 
fication is ſettled by cuſtom, or the tacit conſent 
of ſeveral men who live together. . 
It would appear, from this, that the only pur- | 


” poſe of language, to mankind, is mutually to com- 
municate their ſentiments, and that a ſolitary man 


might do very well witkout it; but a little reflec- . 
tion only! 18 neceſſary, to be convinced, that men 


- ſtand i in need of language, as much to purſue and 


cultivate their own thou ghts, as to keep up; a com- = 
munication with others. 
T6 prove this, 1 remark, firſt, that we have 
= a word in any language, whoſe ſignifica- 
tion is attached to one individual object. If each 
EE carry tree in a whole country had it's proper _ 
name, 
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guage to ſay, that men have, from the firſt, im- 
poſed on all individual objects, certain names to 
ſerve them for ſigns. | The words of a language 
: expreſs general notions, and you will rarely find 
one, which marks only a fingle individual. The 
name, Alexander the Great, 18 applicable to one 
particular perſon; but, then, it is a compound 
name. There may have been many thouſands of e 
Alexanders, and the epithet great, extends to an 
5 infinite number of things. It is thus, that all men 
5 bear names, to diſtinguiſh them from others, 


though theſe names may be frequently common 
to many. 8 | 


containing words, to denote general notions; as that 


of tree correſponds to a prodigious number of indi- 
vidual beings. Theſe words ſerve not only to con- 


vey to others, who underſtand the ſame language, 


they are, likewiſe, A gr eat aſifance to me, in re- 


name, as well as every pear-tree, and, in general, 
every individual tree; what an enormous compli- 
cation, in language, would reſult from it? Were 


1 under the neceſſity of employing a particular 
term, to denote every ſheet of paper in my bureauz 
or if 1 ſhould, from caprice, think fit to give to 


each a particular name, this would be as uſeleſs to 
myſelf as to others. 


It is, then, a very imperfect veſetipelog of lat · 


The Fit lence 915 a language conſiſts, rather, I in its 


the ſame idea which [ affix to the words ; but 


preſenting 


the moſt part, conſtitutes the object of the ſoul, | 


to make the enumeration of, all that this notion 


dluded in this deſcription. Would you ſay, in the 
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preſenting this idea to myſelf. Without the word 
tree, which repreſents to me the general notion of 
a tree, I muſt imagine to myſelf, at once, a cherry 
tree, a pear tree, an apple tree, a fir, &c. and 
thence extract what they have in common. This 
would, neceſſarily, opprels the mind, and ſpeedily 
involve it in the greateſt perplexity. But having, 
once for all, determined to expreſs, by the term 
tree, the general notion formed by abſtraction, 
this term always excites in my ſoul the ſame no- 
tion, without my having occaſion to recollect its 
origin; and, accordingly, the word tree alone, for 


; without the repreſentation of any real tre. 

- „The word man is, in like manner, a ſign, to de- | 

note the general notion of what all men have in 
common, and it would be very difficult to tell, or ; 


contains. Would you ſay, that he is a living two- | 
legged being ? A cock would, likewiſe, be in- 


words of Plato's definition, that he is atwo- legged 


animal, without feathers ? * You bave only to ſtrip 
: the cock of his feathers, in order to obtain the oe 


Platonic man. 3 
1 do not know, whether thoſe ho ſay, that 


man is an animal endowed with reaſon, expreſs | 


themſelves more accurately : for, how often do we 


take for men, certain | beings, of whoſe rationality TT 


we 
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we have no aſſurance. On viewing an army, 1 


have not the leaſt doubt, that every ſoldier is a 
man, though I have not the ſmalleſt proof, that 
they are all endowed with reaſon. If I were to 


make an enumeration of all the members, neceſ- 

ſary to conſtitute a man, ſome men would always 

be found defective in one, perhaps in ſeveral of 
theſe, or we might find ſome beaft who had them 


all. On inveſtigating, therefore, the origin of the 


general notion of man, it is almoſt impoſſible tw: 
lay wherein it conſiſts. 


No one, however, has any doubt, reſpecting the. 


fi gnification of the word ; becauſe every one, wiſh- 
| ing to excite this notion in bis ſoul, has only to : 
: think on. the word man, as if he ſaw 1 it written on 

paper, or heard it pronounced, according as the 
reſpective language, of any one, may be. 


Hence we ſee that, for the moſt part, the objects 


of our thoughts: are not ſo much the things them 
ſelves, as the words by which theſe things are de- 
noted in language; which greatly facilitates the 
exerciſe of thought. What idea, in fact, do we | 
aſſociate with the terms virtue, liberty, goodueſs, 
&c. ? Not, ſurely, a ſenſible 1 image; but the ſoul 
having once formed the abſtract notions, which 
correſpond to theſe terms, afterwards ſubſtitutes 
them, 1n 1ts thoughts, | in place of the things which 
they | denote. 
' You may eaſily conceive how many abſtradtions — 


it 
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it was neceſſary to make, in order to arrive at the 
notion of virtue. The actions of men were, firſt, 


do be conſidered; they were, then, to be compared 


with the duties impoſed on them; in conſequence 
of this, we give the name of virtue to the diſpoſi- 


tion which a man has to regulate his actions con- 
formably to his duties. But, on hearing the word 


virtue rapidly pronounced, in converſation, do we 


always connect with it this complex notion? And 
what idea is excited in the mind, on hearing the 
particle « and. or alfo, pronounced 2 It! 15 readily ſeen, 
that theſe words import a ſpecies of connection, 
but take what pains you pleaſe to deſcribe this con- 
nection, you will find yourſelf under the neceſſiiy 
- of employing other words, whoſe fignification 8 
would be equally difficult to explain ; ; and if I 
were to attempt an explanation of che import of 
the particle and, 1 muſt make frequent uſe of that 


98 Very particle. 7 


You are now enabled to judge of what advantage 
| language i is, to direct our own thoughts; and that, 
without language, we ſhould hardly be i in a c on- 


dition to think at all, 


5 1045 3 : 1265. Ko 
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0 77 the Pei ſections of a Language. Fudoments, and 


25 ature, of Pr ofoſitions, affir mative and negative 3 . 
HIVE) als or particular. 


" HAVE been endeavouring to ſhew you, how 
I. neceſſary language is to man, not only for the 
-raviual: COMMUNICALION of ſentiment and thought, 
but, likewiſe, for the improvement of che mind, 
and the extenſion of knowledge. 
Theſe ſigns, or words, repreſent, then, general 
notions, each of which is applicable to an infinite 
: number of objects: as, for inſtance, the idea of 
hot, and of heat, to every individual object which 
is bot; and the idea, or general notion of zree, is 
applicable to every individual tree in a garden, or 
a foreſt, whether cherries, pears, oaks, or firs, &c. = 
Hence, you muſt be ſenſible how one language 
may be more perfect than another. A language 
always | 15 lo, in proportion as it is in 4 condition fo 
expreſs a greater number of general notions, form- 
ed by abſtraction. It is with reſpect to theſe no- 
tions, that we muſt eſtimate the perfection of a 
language. 
_Formerly, there was no word in the Ruffian lan- 
guage, to expreſs what we call fuſtice. This was, 


certainly, 
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certainly, a very great defect; as the idea of juſtice 
is of very great importance, in a great number of 
our judgments and reaſonings, and as it is ſcarcely 


poſſible to think of the thing itſelf, without a term 


expreſſive of it. They have, accordingly, ſup- 
plied this defect, by introducing Into that lan- 


| guage a word which conveys the notion of juſtice. 
Theſe general notions, formed by abſtraction, 
are the ſource of all our judgments, and of all our 
reaſonings. A judgment 1 is nothing elſe but the af- 
firmation, or negation, that a notion 1s applicable, 5 
0 inapplicable; and when ſuch judgment 15 - CHO 
prefſed 1 In words, we call ; ita Propoſe tion. To give 
an example: : All men are mortal, is a propoſition, 
which contains two notions ; $ the firſt, that of men 
in general; and the ſecond, that of mortality, 
which comprehends whatever! IS mortal. The judg- 
ment conſiſts in pronouncing, and affirming, that | 
the notion of mor tality is applicable to all men. This is 

a judgment, and, being expreſſed 1 in words, it is a 5 
propoſition; and, becauſe it affirms, we call ran 
aft mative pr ofofi tion. If i it denied, we would call 
3 negative, ſuch as this, 10 man is righteous. Theſe 
wo Propoji ions, which I have introduced, as ex- 
amples, are univerſal, becauſe the one affirms, of 
all men, that they are mortal, and the other denies, 


that they are righteous. 


There are, likewiſe, particular propoſit itions, both 
negative and affirmative; as, ſome men are learned, 
8 58 2 and, 
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and, ſome men are not wiſe, What is here affirmed, 
and denied, 1s not applicable to all men, but to 
fome of them. 
Hence we derive four ſpecies of propoſitions, 
The firſt is, that of affirmative and wnverſal POW ; 
tions, the torm of which, in general, is: 
Every A is B. 
The ſecond ſpecies contains negative aud univerſe 
propeſ tions, the form of which, in general, wo - 
No A is * 1 
The third! is, that of affirmative propoſe ions, but 
particular, contained i in this form: 
Some A is B. 
And, finally the fourth is that of negative and 
particular = "poſe tons, of which the form i 18: 3 
Some A i is not B. 
All theſe propoſitions contain, effentially, two | 
_ Notions, A and B, which are called the terms of the 
Propoſition : the firſt of which affirms, or denies, | 
ſome thing; Z and this we call the ſubjef ; and the 
ſecond, which we fay is applicable, or inapplicable, 5 
to the firſt, is t the allribule. Thus, in the propo- 
fition : All men are mortal, the word man, or men, is : 
the ſubject, and the word mortal the attribute: 
theſe words are much uſed 1 in logic, which teaches 
the rules of juſt reaſoning. 
Theſe four ſpecies of propoſitions may, likewiſe, 
be repreſented by figures, ſo as to exhibit their 
nature to the eye. This muſt be a great aſſiſtance, 
toward 
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toward comprehending, more diſtinctly, wherein 
the accuracy of a chain of reaſoning conſiſts. 
As a general notion contains an infinite number 
ol individual objects, we may conſider it as a ſpace 
in which they are all contained. Thus, for the 
notion of man we form a ſpace plate I. fig. 1.) in 
which we conceive all men to be comprehended. 
For the notion of mortal we form another, ( 2. 4. 
in which we conceive every thing mortal to be 
: comprehended. And when I affirm, all men are 
mortal, it is the ſame thing with affirming, | that 
the firſt figure is contained in the ſecond.” 
1 Hence, it follows, that the repreſentation of - 
1 affirmative univerſal propoſition, is that in 
which the ſpace A, ( fir. 3) which repreſents the 
ſubject of the propoſition, is wholly contained in 
the ſpace B, which is the attribute. 
II. As to negative univerſal propoſi tions, the 
two ſpaces A and B, of which A always denotes 
the ſuojeet, and B the attribute, will be repieſented 
thus < fig. 4. 4) the one ſeparated from the other; 
. becauſe we fay, 10 A is B, or that n nothing compre 
 hended | in the notion A, is in the notion B 
III. In affirmative particular propoſitions, as, 
ſome A is B, a 2 part of the ſpace A will be compre- 
hended in the {pace B: (Vg. 59 — as we ſee here, 
that ſomething comprehended 1 in the notion A, is 
likewiſe in 3. 


IV. For negative particular propoſitions, | as 
B ene 
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ſome A is not B; a part of the ſpace A muſt be out 
of the ſpace B, (fg. 6.) This figure reſembles 
the preceding; but we here remark, principally, 
that there 1s {ſomething in the notion A, which is 

not comprehended 1 in the notion B, or which | 15 gut 
of it. 


14th February, 1761. 


N i 4 : 


LETTER em. 


E of legs and their differen F. orms, when the ff ö 
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j \HESE circles, or | ares theſe Cotes, for i it ---- | 
4 of no importance what figure they are of, 
are extremely commodious for facilitating” our re- 
flections on this ſubject, and for unfolding all the 
boaſted myſteries of logic, which that art finds I 
ſo difficult to explain; whereas, by means of theſe 
figns, the whole is rendered ſenſible to the eye. 
We may employ, then, ſpaces formed at pleaſure, 
to repreſent every g general notion, and mark the 
ſubject of a propoſition, by a ſpace containing A, 
and the attribute, by another, which contains B. 
The nature of the propoſition itſelf always! imports, 
eithef, 
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either, that the ſpace of A is wholly contained in 
the ſpace B, or that it is partly contained in that 
ſpace; or that a part, at leaſt, is out of the ſpace 
B; or, finally, that the ſpace A is wholly out of 
B * 1 | 


* Mr. Euler, who is ever minutely exact, in all his details, 
ſubjoins here the following diagram, with this ſhort introdue- 
tion: © T ſhall once more give you a viſible repreſentation of 

ce theſe figures, or emblems, of the four tpecies of pr e 


Eudum, Te the foo Species of Pr gelle. 
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The omiſſion of this ſcheme, in the Paris edition, is the more un- 
. accountable, that the very next paragraph immediately refers to 
it, and is lame and inconcluſive without it.—E. E. 
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The two laſt caſes, which repreſent particular 
propoſitions, ſeem to contain a doubt, as it is not 
decided, whether it be a great part of A which is 
contained, or not contained, in B. It is even poſ- 
ſible, in the caſe of a particular propoſition, that 
the notion A may contain the notion B entirely, 
as in plate I. fee. 73 and that, at the ſame time, as 
is clear from the figure, a a part of the ſpace A may 
be 1n the ſpace B, and that a part of A may not : 
be in B. Now, if A were, for example, the idea 
of tree in general, and B that of oak, which is con- 
tained wholly in the firſt, the —_— propoſi- 5 
tions might be formed: 
I. All oaks are trees. 
I. Some trees are oaks. LS, 
III. Some trees are not oaks. f 
In like manner, if of two ſpaces, one is entirely oy 
out of the other, as in Plate J. A. 4. I can as well 
lay, no 4 is B, as no Bis 4; as if I were to ſay: 
no ma m is a tree, and no tree is a man. . 
In the third caſe, where the two notions have a 
part in common, as in Hoe. 1. fg. 5 s Wt: may be 
ig? 
= © Some Ai 1s B. 
I; Some Bis A; - 
III. Some A 1 Is not B. 
TV. Some Bi is not A. 
This may ſuffice to ſhew you, how all 3 
ntions may be repreſented by figures: but their 
greateſt 
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greateſt utility is manifeſt, in reaſonings, which, 


when expreſſed in words, are called fy/logiſms, and 


of which the object is, to draw a juſt concluſion, 


from certain given propoſitions. This method 


will diſcover to us the true forms of all ſyllogiſms. 
Let us begin by an affirmative univerſal propo- 


ſition : Every A is B, 5 plate J. fee. 3.) where the 
ſpace Ai is wholly | inthe ſpace B, and let us ſee how 
a third notion C muſt be referred to each of the 


other two notions A and B, in order to draw a fair 
concluſion. - "Tt 48 evident | in the following caſes. 


1. If the notion C is entirely contained in the 


notion A, it will be ſo, likewiſe, in the notion B: 


(plate I. . 8. ) hence reſults this form of Olo 


gil : PE. 

- Every Ai is I: 
. But Every C4 is A: 
Therefore Every C1 is B. 


Which 18 the concluſion. 


Let che not ion * for example, comprehend all 
trees; ; the notion B every thing that has roots, and 
the notion c all oaks, and then our ſyllogilm will 


5 run thus ; . 
Every tree has roots: 7 
But Every oak is a tree: 
Therefore Every oak bas roots. 
I If the notion C has a part contained in A, 
Fat part will, Merit be ſo in B, becauſe the 
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notion A is wholly included in the notion B. 
(Plate I. fig. ꝙ and 10.) 


Hence reſults the ſecond form of {yllogiſm : 
- Every A is B; 
But Some C is A: 
Therefore Some C is B. 
If the notion C were entirely out of the notion 5 


A, nothing would follow with reſpect to the no- 
tion B: it might happen that notion C ſhould be 
entirely out of B, (fg. 11.) or wholly in B, (fg. 12 J 


or partly, only, in B, GK. 1 3. ” ſo that no conclu- 
fion could be drawn. 


III. But if notion C were 5510 out F notion 5 


B. it would, likewiſe, be wholly out of notion A, as 


we ſee | in fg. 11. Hence reſults this form of h! llo- 
78 gilm: . 8 


Every Al is B: 
But No C is B, or, no Bis C: 
Therefore No C is A. 


IV. If the notion C has a part out of the 1 notion 


= th that ſame part wall certainly, likewiſe, be out of 
the notion A, becauſe this laſt is wholly in the no- 
tion B, Os. 14 1 Hence this form of 15 logiſm ; 


Every A is B: 
But Some Cj 15 not B: 
Therefore Some of 1s not "a 
. If the notion C contains the whole of notion 


B, part of notion C will certainly fall into notion 


= K. 175 J Hence this form of ſyllogiſm : ; 


Every 
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Every A is B: 
But Every B is C: 
Therefore Some C is A. 
No other form is poſſible, while the firſt propo- 
fition is affirmative, and univerſal. 
Let us now ſuppoſe the firſt propoſition to be 
negative, and univerſal ; ; namely, 
. „ Ne An 
It i 18 repreſented | in fie. 4. where the notion Ai: 
entirely out of notion B; and the following caſes 
will furniſh concluſions. 
I. If notion C is entirely in notion B, it muſt, | 
| likewiſe be entirely out of notion A, Os. 16 Y 
Hence this form of ſyllogiſm : 
„do An 
5 But Every C1 is B: 
Therefore No C is * 
II. If notion Ci 18 entirely ann., in no- 
tion A, it muſt alſo be entirely excluded from no- 
how! B. Wa 17 J Hence a ſyllogiſm of this forms 3 
> MeAwB =: 
But Every C1 is A: 
Therefore NoCisB. . 
III. If notion C has a part contained in notion 5 


A, that part muſt certainly be out of notion B; as 


in fo. 18. or in fg. 19 and 20. Hence a  Hlogifm 
of this form : : NoAisB: 
e Barone Ci 1s A, or ſome A 1s ;C: 
Therefore Some iner 
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IV. In like manner, if notion C has a part con- 
tained i in B, that part will certainly be out of A: 
as in fig. 21. as alſo g. 22 and 23. Hence the 
* ſyllogiſm: 
No A is B: 

But Some C is B. or ſome Bi 1s ©: 
Therefore Some C is not A. 

As to the other forms, in which the firſt propoſi- 

tion 13 particular, affirmative, or negative : : 1 ſhall 
| ſhew, in another letter, how they may be re- 

preſented by figures EE 
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5 Difer ent Forms of Syllogiſms, wheſe frf Pro n 


15 Par ticular. . 


TN the ts letter, * have preſented. you 
IL Vith the different forms of 99 logitms, or ſimple 
| i 1 - ls. which derive their origin from the firſt 
| 3 propoſition, when it 18 univerſal, affirmative, or 
negative. It ſtill remains, that lay before you 
2 thoſe ſyllogiſms, whoſe firſt propoſition 1 1s particu- 
lar, affirmative or negative, in order to have all 


poſſible forms of ſyllogiſm that lead to a fair con- 
cluſion. 


La 


—_— 23 
— — | , 
ä. 


— — ——̃— t — 


— K ẽůmũf tg / 


——U —— 


A GERMAN PRINCESS, abt 


Let, han, the firſt e affirmative; and 
particular, be expreſſed in this general form, 
1 Some A is B. Plate I. hg. Bo] 
in which a * of the not: on A IS contained i in 
15 notion B. 
Let us introduce a third notion C, which, be- 
ing referred to notion A, will either be contained 1 5 
in notion A, as in fg. 24, 25, and 26; or will 
have a part in the notion A, as in fig. 27, 28, and 
293 3 or will be entirely out of notion A, as in A. | 


05 hy and 3, of Plate II. No concluſion can be 


. drawn, in any of theſe caſes; as it might be poſ- 
- fible for notion | 6 to be entirely within notion B, 
or in part, or not at all. i 
But if notion C contains, in irſelf, notion 4 
is certain, that 1 it will, likewiſe, contain a part 1 5 
notion B: as in fe. 4 and 5, of plate II. Hence 
reſults this form of ſyllogiſm : pon: . 
5 Some A In B: 
- Pur Every A is C: 
. Some Ci is B. 
It is the ſame when we compare notion © wi h 
5 notion B: we can draw no concluſion, unleſs no- 
5 tion C contains notion B entirely ; (fee fig. 6 and 
7.) for! in that caſe, as notion A has a part con- 
. in notion B, the ſame part will then cer- 
= tainly be contained, likewiſe, in C: hence we ob- 
_ tain this s form of fyllogiſm : bi 


Some 
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Some A is B: 

But Every Bis C: 
Therefore Some C is A 

es us, finally, e chat the firſt propot 3 

tion 15 s negative and particular, namely, 5 
Some Ati not B. 

11 is repreſented | in Plate II. fo. 8. in which, bart 
of notion A is out of notion 8B. 
In this caſe, if the third notion C, contains no- 
tion A entirely, it will certainly alſo have a part 


out of notion B, as in I. 9 and 10: which n 85 


chis Hllogiſm : 
| Some Ai is not B: 
Fut Ev ery A is C: 
Therefore Some Ci is not B. ; 
Again, if notion C' 18 wholly included i in notion 
B, as A has a part out of B, that ſame part will 


likewiſe, certainly, be out of C, (fee . 11 and 1 


12. be” Hence this form of ſyllogiſm : 
: Some A is not B. 
But Every C is B: 
Therefore Some A is not E. 5 
. may be of uſe to collect all theſe forms of . 
ſyllogilm, into one table, in order to conſider 
them at a ſingle glance, Ns 


I. Every 


— 
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| But Some A is C: 
1 Therefore Some C is B. 


But Some C is not B: 
Therefore Some C1s not t A. 


| Beh K. is B: 
But Some C 1 15 A: 
Ther efore Some Ci is B. 


ul. 


= a 
* p 1 ” 
: 2 — — — a4 ——— — 


DI — 


18 
But No C is B: 
| Therefore No Ci 18 A. 


3 — —— 


- Rocky A 1s 
But No B is C: 
| Ther efore No Cis A. 


Every Ai 1s B 
But Every B is C: 
Therefore Some C is A. 


I ; [= 
1. Every A is 85 II. 
28 But Every C is A: 
Therefore Every C 18 B. 
V. B Every A is B. VI. 


5 


* 


— 


ou: "Ne A eB: 
But Every C is A: 
Ther efore No 1 n B. 


2 


— 


IX. AB: 
But SomeC is A: 


Therefore Some 25 is not B. 


—_— 


1 


— 


5 Some Al s B 5 
But Every A is C: 
ore Some C1 is B. 


| XIII. 


| XIV. 
| Therefore Some Cis A. 


To 


No A is! B: 
But e A is C: 
Therefore Some C 13 not B. 


XI. 
i 
: 


bo No. A is B 
But Some C is B: 
Therefore Some O is not A. 


55 VIII. 


N A is B 
5 But Every C is 5 


ö 


75 5 Therefore No 5 15 A. 


| 


No ry is B: 
> Lick But Some B is O: 
Therefore Some C is not A. 


2 GE 
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"Some A is 'B: 
But Every B is C: 
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1 — m—— 


Some A 18 not B: 
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Iv... 


Therefore Some C1 18 not B. 
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— an — 


But Every A is C: 


n. 


XVI. 


Some A is not B: 


: But Every C is B: 
Therefore Some A is not C. 


XVII. Hoary A * 


ö 


Bas —- 
| 


[XVIII. No A 15 B 
But Every A is C: 


. Therefore Some C is not eB, 


1 | 1 Fe) 


ti * 


"No Ai 1s B 
But Every B is O. 
; Therefore e Some Ci 1s not A. 


XIX 


. 


Every A is B: 
But Every A is C: 
Therefore Sone 9 18 B. 
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Some A is B: 
But Every Bis C: 
Therefore Some C is A 
Let us, finally, . that the firſt propoft I 
tion is negative and particular, namely, 
. Same A is not B. 7 
It ; E repreſented in Plate II. fig. 8. in which, part 
of notion A 1s out of notion B. 
In this caſe, if the third notion CG, contains no- 
tion A entirely, it will certainly alſo have a part 
out of notion B, as in tg. 9 and 10: which gives 
| this Tus + 
Some Ai is not B. 
But Ex ery A is C: 
Therefore Some C is not B. 
— Again, if notion C is wholly included i in notion 
B, as A has a part out of B, that ſame part will 
likewiſe, certainly, be out of C, (ſee 22 11 1 and 
12. 9 Hence this form of Hyllogiſmn; 5 
e Some A is not Bi 
"or Every C1 is B: 
Y herefore Some A is not C. 


1 5 I may be of uſe to collect all theſe forms af” 
- Fenn, into one table, in order to conſider 


0 them at a fingle glance, 5 


I. Every 
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r No A B: | XI. * * III 
But Some C is A: | But Some A is C: But Some C is 3: But Some B. is G: 

- | Therefore Some C.1 is not B. Therefore Some C1 13 not B. | Therefore Some C1 is not A. Therefore Some C is not A. 
E 1 XIII. = ws 14 18 N KV. * ne A. is B: . XV. . not B: | XVI. = Sonde A Ai nd not B: 
=: ue Bvery A.is C: . But © Every e But Every A is C: 1 But Every C is B: 
© ore Some C is B. Therefore Some C is A. | Therefore Some C1 18 not B. Therefore Some A. 18 not C. 

| XVII. Every Ai is B: XVIII. No A is 3: XIX. N. A1 18 1 B. 0 1 XX. Every Aj 15 B: 
dt Some A is C: But Every AisC: | But Every B is C: | But Every A is C: 
| Therefore Some C is B. | Therefore Some C1 is not B. Therefore Some C1 18 notA. | Therefore Sore Ci is B. 
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Of theſe twenty forms, I remark, that XVI. it 
the ſame with V. the latter changing into the for- 
mer; if you write C for A, and A for C, and begin 
with the ſecond propoſition : there are, accord- 
ingly, | but nineteen different forms. 

The foundation of all theſe forms i is reduced to 


two principles, reſpeQing the nature of containing 
and contained. 8 


I. Whatever is in the thing contained, mit oft likewiſe 
be i in the thing containing. 


II. Whatever is out of | the containing 85 e, 2 wiſe 


te out of the contained. 


Thus, 1 in the laſt form, where the notion * is 


contained entirely | in notion B, it is evident, that if 
A ĩs contained in the notion C, or makes a part of . 

1 that ſame part of notion C will certainly be con- 

7 tained i in notion B, ſo that ſome C is B. 


Exery ſyllogiſm, then, conſiſts of there propoſi- 


tions, the two firſt of which are called the premiſes, 
8 and the third the conclufi on. N ow, the advantage 
- of all theſe fornis, to direct our reaſonings, is this, 7 
— thatif the premiſes are both true, the concluſion, 
infal livly, 1 1s ſo. 


T his is, likewiſe, the only method of diſcovering 
unknown truths. Every truth muſt always be the 


_ concluſion of a ſyllogiſm, whoſe premiſes are indu- 
bitably true. Permit me only to add, that the 


former of the premiſes is called the major props- 
ſition, and the other the minor. 


227 February, 1 1761. 
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LETTER cv. 


Aub, 6 of ſome SyIlogiſms: 


logiſm. 8 


MEN: 5 


Therefore so E LEARNED MEN ARE NoT VIR- 


rvovs. 


W henever you allow 1 me the two rſt propoſitions; 
you are obliged to allow the third, which neceſſa- 


rily follows from 1 it. 5 


This ſyllogiſm belongs to form XII. The e fans 
thing holds with regard to all the others, which [ 
have laid down, and which the figures, whereby F: 
have repreſented them, render ſenſible. Here we 
are preſented with three notions: {plate II. tg. 1390 
Vor. FFF that 


FE you have paid attention to all the forms of 
. ſyllogiſm, which I have propoſed, you muſt 
hs, that every ſyllogiſm neceſſarily conſiſts of three a 
Propoſitions: : the two firſt are called premiſes, and 
the third, the concluſion. Now the force of the . 
nineteen forms, laid down, conſiſts 1 in this property 
common to them all, that if the two firſt propoſi- 5 
tions, or the premiſes, are true, you may reſt, con- 
fidently aſſured of the truth of the concluſion. e 
. us conſider, for example, the following 51 5. 


Ko virrvous MAN 15 A SLANDERER : _ 
But SOME 'SLANDERERS ARE LEARNED 


——  — — 
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that of virtuous men, that of ſlanderers, and that 
of learned men. 
Let the ſpace A repreſent the firſt, ſpace B the 
ſecond, and ſpace C the third. It being ſaid, in 
the firſt propoſition, That no virtuous man is a 
ſlanderer; we maintain, that nothing contained 15 
in the notion of the virtuous man, that 1 is, in the 
ſpace A, is comprehended in the notion of the 
ſlanderer: that is, ſpace B : therefore ſpace A is 


wholly out of ſpace B, (ſee Plate II. fe. 14. . 


But it is ſaid, in the ſecond propoſition, that 
ſome men comprehended i in notion B, are, like- 
wiſe, contained in that of learned, that i is, in ſpace : 


C: or elſe, you may ſay, that part of ſpace B is 5 


within ſpace C; [plate II. fig. 15.) where the part 
of ſpace B, included i in C, is marked with a?; 
which will be, likewiſe, part of ſpace C. Since, 0 
therefore, part of ſpace C is in B, and chat the 


= whole ſpace B is out of ſpace A, it is evident, that 


the ſame part of ſpace C muſt, likewiſe, be out of 


8 ſpace A, that is, ome learned men are not virtuous. 


It muſt be carefully remarked, that this conclu- 


5 ſion reſpects only the part * * of notion Co which i is 
comprehended in notion B: for as to the reſt, it is 
uncertain, whether | it be, likewiſe excluded from 


notion A, as in plate II. fg. 16, or wholly con- 
rained i in it, as in plate II. fe. 17, or only in part, 2 


as in plate II. fig. 18. 


Now, this being left uncertain, the remainder 


of 


— — — — 
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of ſpace C falls not at all under conſideration; the 
concluſion is limited to that only which is certain, 
that is to ſay, the ſame part of ſpace C, contained 
in ſpace B, is certainly out of * A, for this laſt 
is wholly out of ſpace B. 

The juſtneſs of all the other forms of Hei 
may be demonſtrated in like manner; but all 


= thoſe which deviate from the nineteen forms laid 


down, or. which are not comprehended under 
them, are deſtitute of foundation, and lead to error . 
and falſhood. . 
ou will clearly diſcern the Bult of fack a 91. 
logiſm, by an example, not reducible to any of 
the nineteen forms: | 
SOME LEARNED MEN ARE MISERS : . 
But NO MISER IS VIRTVOUS : To 
Therefore SOME VIRTUOUS MEN ARE Nor LEARN | 
„ 
This third propoſition, may, W be true; ; 
but it does not follow from the premiſes, They 


= "WS (the premiſes) may very well be true, and, in 


the preſent inſtance, they actually are ſo, but the 
: third! is not, for that, a fair concluſion: becauſe . 
is contrary to the nature of juſt ſyllogiſm, i in which 
the concluſion always muſt be true, when the pre- 


miſes are ſo. Accordingly, the fault of the . 


above propoſed, is immediately diſcovered, by 
caſting your eyes on fig. 13. of plate II. Let ſpace 
A contain all the learned ; ſpace B, all the avari- 
H h a2 cious; : 


doubt: 
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cious ; and ſpace C all the virtuous. Now, the firſt 
e is repreſented by fg. 19. in which part 
* of ſpace A, (the learned) is contained in ſpace = 
B, (the avaricious.) | 7 
Again, in the ſecond propoſition, the whole 


5 ſpace 6 (the virtuous) 1 is out of ſpace B, (the ava- 
ricious) : but it by no means follows, (fg. 20.) 
that part of ſpace C muſt be out of ſpace A. 


It i is even poſſible for ſpace C, to be entirely 


within ſpace . A, as in foe. 21. or entirely out of it, 
as in fig. 22. and, at che ſame time, _ out of 
ſpace B. 


A Hllogiſm of this form, accordingly, is rh 55 


| 0 falſe and abſurd. 


Another example will pur ther matter beyond a 


SOME TREES ARE OAKS: : 
But NO OAK IS A FIR: 


Therefore SOME FIRS ARE NOT TREES. 


This form | is, preciſely, the ſame with the pre- 


ceding, and the falſhood of the concluſion i is mani- 
feſt, though the premiſes are undoubtedly true. 


But v henever a ſyllogiſm is reducible to one of 


5 che above nineteen forms, you may be aſſured, that 
if the two premiſes are true, the concluſion, un 
queſtionably, always is ſo too. Hence you per- 


ceive, how, from certain knoun truths, you attain 
others before unknown; and that all the reaſon- 


ings, by which we demonſtrate ſo many truths in 


geometry, 
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geometry, may be reduced to formal ſyllogiſms. 
It is not neceſſary, however, that our reaſonings 
ſhould always be propoſed in the ſyllogiſtic form, 
provided the fundamental principles be the ſame. 


In converſation, in diſcourſe, and in writing, We 


rather make a point of avoiding ſyllogiſm. 


1 muſt farther remark, that, as the truth of the © 
SN premiſes brings forward that of the concluſion, it 
does not thence neceſſarily follow, that when one or 
both of the premiſes are falſe, the concluſion muſt 
be ſo likewiſe : but it is certain, that when the 
concluſion is falſe, one of the premiſes, or both, = 
abſolutely muſt be falſe; for if they were true, it 
would be impoſſible that the concluſion ſhould be 
falſe, I have ſtill ſome farther reflections to ſub- 
mit to you, on this ſubject, which is the founda- 85 
tion of the certainty of all the knowledge | we ace 


| quire. 


| 24th Firuay, 1761. 
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LETTER Cl 
Diferent Figures and Modes of Syllogiſms.. 


AE reflections which 1 have ſtill to make on 
the ſubject of ſyllogiſm, may be reduced to 
the following articles: | 
I. A ſyllogiſm contains only three notions, nam 
ed terms, in as far as they are repreſented by words. 


For chough a ſyllogiſm contains three propoſitions, 


- ployed i in it, as in the following _— . 


5 and each propoſition two notions, or terms; nn 


muſt be conſidered, that each term is twice em- ME 


— 


IRT A is B: 
But EVERY A is ©: 
Therefore SOME Ci is B. 


55 The three notions are marked by the letters A. B. C. 


which are the three terms of this ſyllogiſm : of 
: which, the term A enters into the firſt and ſecond 
propoſition ; ; the term B into the firſt and third 
” propoſition ; 3 and the term into the ſecond and 
third propoſition. N e 
II. You muſt carefully Aiſtinguiſh t theſe thaw terms 
of every ſyllogiſm. Two of them, namely, BandC, 
enter into the concluſion, the one of which, 'C, is 
the ſujedt, and theother, B, the attribute, c or predicate. 
In logick, the ſubject of the concluſion, C, is called 


the minor term, and the predicate of the concluſion, = 


B, the major term. But the third notion, 9 
term 
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term A, is found in both premiſes, and it is com- 
bined with both the other terms, in the concluſion. 
This term. A, is called the mean, or medium term. 
Thus, in the following example: _ 
50 No MISER 18 VIRTUOUS: 
But SOME LEARNED MEN ARE MISERS : 
| Therefore SOME LEARNED MEN ARE NOT VIR- 
rvous. 


The notion learned is the minor term, chat af. 


virtuous is the major, and the notion of miſer, is the 
mean term. 


III. As to the order of the propoſitions, i it is a mat- 
ter of indifference, whether of the premiſes is in the 


firſt or ſecond place, provided the concluſion holds 


\ 


miſes. Logicians have, however, thought proper 
to lay down this rule: 


The firſt Propoſit tion 1s always that which contains 


the predicate of the concluf fon, or the majur term , for 


this is the reaſon that we give to this prope tion the 
mame of the major Propoſition. 


_ The ſecond propofition contains the minor term, or the 


ſujet of the concluſion, and bence it has the name . 


the minor propoſition. 


Thus, the major propoſiti tion of a 1 con- 


tains the mean term, with the major term, or pre- 


dicate of the concluſion; and the minor propoſition 
contains the mean term, with the minor term, or 


ſubject, of the concluſ on. 


+ IV. Syllo- 


the lat, it being the conſequence from the pre- | 
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IV. Syllogiſms are diſtinguiſhed under different 
figures, according as the mean term occupies the 
3 of /ubjef, or attribute, in the premiſes. 

Logicians have eſtabliſhed four figures of ſyllo- 


gilms, which are thus defined : 


The jfirft figure | is that in which the mean term is 


1 the ſubject, in the major propoſition, and the Pre- 
T dicate, in the minor. 


The ſecond figure, that in which the mean term is 


the bediente, i in both the myor * and 7 
the migor,-- 


The third figure, chat in which the mean term 1s 7 


. the ſubject, in both the mayor. and minor * propofi- 
tions. Finally, 


The fourth figure, i 18 that i in which the mean term : 


is the predicate, } in the major Propoſition, and the, 
ſubject, in the minor. = 


Let P be the minor term, or ſubject of the con · 


fo cluſion : 3 Q the major term, or predicate, of the. 
concluſion, and M the mean term; the four figures, 


of mene will be repreſented. in the manner. 


N 1 0 


2 Major Propoſition IM — — 1 3 


Minor of Propaſition . FP: — M 
Concluſion 1 P 3 
Figure Second. 33 
5 Me Propoſition +: 2 — — M 
Minor Propoſition! f — — M 
Conclfion | B--— — Q 


A GERMAN PRINCESS, 493 


Figure Third. 


Major Propoſition | WM — — Q_, 
Minor Propofition | WM — — P 
— 


Concluſion T PE — — 


Figure Fourth. 5 

Major Propettion - 4 K — © M 
Minor Propoſition | M — — P 
Concluſion * * — * 


2 Ayn, according as the N them- 
| ſelves are univerſal, or particular, affirmative, or 
negative, each figure contains ſeveral forms, called 


Modes. In order, the more clearly, to repreſent 


; theſe modes of each figure, we mark by the letter 
. univerſal affirmative propoſitions; ; by the letter 

. univerſal negative propoſitions ; - by | the Jetter * 

particular affirmative propoſitions: : and, finally, 


by the letter . particular negative propoſitions : : 


* 


or elſe, 


A repreſents an arti! affirmative propoſition. 1 


* repreſents : an univerſal negative propoſition. 
1 repreſents a particular affirmative propoſition. 
0 repreſents : a dane negative Propoſition. ; 


VI. Hence, our nineteen forms of Fuoginn, Z 
above deſcribed, are reducible to the four figures, 

which [ have juſt laid down, : as in the following , 

Z tables ; ; 75 | 


1. Modes 


. Therefore No Pi Q. 
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* Modes of che Firſt Figure. 


iſt, Mode. | 2d Mode. | 
2 A. A. | . 


Every M E . | 


Every M is Q; | 


But Every P is M: 


1 But Every P 1 is M: But Some P. is M 1 
. [Therefore n P is . [Therefore Some P is 52 
| BY Mode. Do 4th Mode. 5 
% | iS. 
No Mis Q No Mis Q; 


Bur Some © 18 M: 


Therefore d No Pi is As 


r 


| Therefore: Some Pic is not * - 


— 12 a 


II. Modes of the : Second Figure. : 
: — bi mga aro — SG ——ů 
- ſt Mode. 5 2d Mode. 5 
+ A. E. E. ” 0: 0. 0: "I 
Every Qis M; | : | Every QisM * 

But No P is M: But Some P. is not M 


1 | Therefore Some PI 18 not «a 


mY Mode. 


Burt Every P 18 M: 


0 CE ons _— Mode. our 
E. K. E. _w_ 55 E. I; * 
| No Qis M 3 No Qis M 


— 


But Some P is M 


Therefore N No P1 18 — 


| Therefore Some P is not Q A 


— —  . 


_ 


Modes 


= II 
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u. Modes of the Third Figure 


im 1 —— * — — 


T — 


4 2d ode. 

A. N. I. — .. 
Every Mis Q; | dome MM 
But very Mis FT: ZBut Every M 

Therefore Some P is TY | Therefore Some 1 is 


iſt Mode. 


„ Wo 


is Q 
is P 
PI 


„ = — > N 


| 75, . Prey ie g. : "No M is Q; 


34 Mode. ET "4k Node. 


But Somme SF 7 But 43 Mis P: 


JOY CY ; 1 — *— _ 2 


2 


5 "No Mis Q; 


ED Mode. | 0 | th Mode. ol 


. | 8 V. is not Q 
But Some M is?: Þ- But Every M is P: 


— 


7.5 Modes of the Fourth Figure. 
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You ſee, then, that the firſt figure has four 
modes; the ſecond four; the third fix ; the fourth, 
five: ſo that the whole of theſe modes, together, 
is nineteen, being preciſely the ſame forms which 1 
| have above explained, and have juſt now diſpoſed 
in the four figures. In other reſpects, the juſtneſs 
of each of theſe modes has been already demon- 

ſtrated, by the ſpaces which I employed, to mark 
the notions, The only difference conſiſts in this, 

that here 1 make uſe of the letters, P, Q M, in D 
ſtead of A, B, C. . 


Le February 1761. 


LETTER cl. 


| Obproations and Reftetions, on the oe differen Modes | 
of Sllogiſm. ON 


'F FLATTER OY that the following « Wee . 


tions will contribute, not a little, to place the 


nature of ſyllogiſms i in a clearer light. You muſt 
pay particular attention to the ſpecies of the pro- 
poſitions which compoſe the ſyllogiſms, of each x 

cur four figures, that is to ſay, whether they are, 


1 Univerſal affirmative, the ſign of which is A; = 
. Univerſal negative, the ſign of which | is E; * 
3 Particular 
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3. Particular affirmative, the ſign of which is I; 
or, finally, 5 | 
4. Particular negative, the ſign of which is o; 
0 a you will readily admit the Juſtneſs of the fol- 
lowing reflections: = 
I. In no one inſtance are both premiſes negative 
propoſitions, Logicians have hence formed this 
rule: 
From two negative pr po ions, 10 uncl fon can te 
dr awn. 
The reaſon is ev dens, for laying down P and ( 
as the terms of the concluſion, and M as the mean 
term, if both premiſes are negative, the affirmation | 
5 is, that the notions P and Q, are either wholly, 
orin part, out of M : it is, accordingly, impoſſi- 
ble to conclude any thing, reſpecting the con- 
formity, or diſconformity, of the notions P and . 
5 Though I knew from hiſtory, that the Gauls were 


not Romans, and that neither were the Celtæ Ro- 
f mans, this would not contribute in the leaſt to in-„ 
form me whether the Celtæ were Gauls or not. 


Two negative premiſes, therefore, lead to no con- 


clufion. TE | : 
II. Both premiſes are, in no one - inſtance, parti- TY 


cular propoſitions ; 7 hence this rule i IS logick : 
F rom two particular p opofo tons, 0 concly fon can : be 
drawn. - — 
Thus, for example, becauſe ſome learned men 
are poor, and ſome others malevolent, it is im- 
: poſſible to conclude, that thoſe who are Poor, are 
malevolent, 
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malevolent, or that they are not ſo. If you reflect 
ever ſo little on the nature of a conſequence, you 
muſt immediately perceive, that two particular 
premiſes lead to no concluſion whatever. 

III. If either of the premiſes is negative, the conclus 
ion too muſt be negative. 
his is the third rule which logic preſeribes, 
When ſomething is denied in the premiſes, it is 
impoſſible to affirm any thing in the concluſion; 1 

ve muſt abſolutely deny there likewiſe. This rule 
| is perfectly confirmed by all the laws of ſyllogiſm, 
whoſe juſtice has been above demonſtrated. 

IV. If one of the premiſes is par ticular, the FT 
fon too muſt be particu/ar. : 
This is the fourth rule vreferibed | in ae: The 

character of particular propoſitions being the word 
ſeme, if we ſpeak only of ſome in one of the pre- 
miſes, it is impoſſible to ſpeak generally, in the 

concluſion; it muſt be reſtricted to ſome. This 
rule, likewiſe, I is confirmed by all the laws of ſyl- 
logiſm, whoſe juſtneſs i To indubitable. 

V. When both premiſes are affirmative, the conclu- 
Jon is fo likewiſe. But though both premiſes may be 

uni werſal, the concluſion is not always univerſal, ſome- 


times it is particular only, as in the firſt mode of 
figures third and fourth. 


VI. Belide univerſal and particular propoſitions, 
we, ſometimes, make uſe of ſingular propoſitions, 
the 
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the ſubje& of which is an individual; as when I 
ſay : Virgil was a great Poet. 
The name of Virgil is not a general notion, con- 
taining ſeveral beings in itſelf : it is the proper 
name of a real individual, who lived a great 
many years ago. This propoſition is called fingular ; 
and when it is introduced into a ſyllogiſm, it is of 
importance to determine, whether we are to con- 
ſider it as holding the rank of an univerſal, or par- 
ticular, propoſition, 
VII. Certain authors inſiſt, that a ſingular pro- 
5 poſition muſt be ranked in the claſs of particulars; 
it being conſidered, that a particular propoſition 
| ſpeaks only of ſome beings comprehended i in the 
notion, whereas an univerſal propoſition ſpeaks of 
I. Now, fay theſe authors, when we ſpeak of 
only a ſingular being, this is ſtill leſs than when 
we ſpeak of ſome : and, conſequently, a ſingular 
Propoſition muſt be conſidered as very particular. 
VIII. However well founded this reaſoning may 
appear, it cannot be admitted. The eſſence of a 
particular propoſition conſiſts in this, that it does 
not {peak c of all the beings, comprehended in the 
notion of the ſubject, whereas an univerſal propo- 
ſition ſpeaks of all, without exception. Thus, 
when it ĩs ſaid: 
Sonne © citizens of Berlin are rich, 
the ſubject of this propoſition is the notion of 40% the 


Song: ciligens of Berlin; but this lub) ect 1 15 not taken! in all 


its 
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it's extent, it's ſignification is expreſsly reſtricted t6 
ſome : and, by this, particular propbſitions are eſ- 
ſentially diſtinguiſhed from univerſal, as they turn 
only on a part of the beings corptchended i in their 
ſubject. 
IX. It is clearly evident, from this remark, that a 
Ergilar propoſition muſt be confidered as univer Val; a 
in ſpeaking of an individual, ſay Virgil, it, in no 
reſpect, reſtricts the notion of the ſubje&, which 
"0 Virgil himſelf, biit rather admits it in all its ex- 
tent: and, for this reaſon, the ſame rules which take 
place in univerſal propoſitions apply, likewiſe, to ſingu- 
lar propoſitions. The following is, ee 
very "Ou ly lotiim! . 


5 VOLTAIRE ISA PHILOSOPHER þ 
But VOLTAIRE IS A POET: 
Therefore SOME POETS ARE PHILOSOPHERS: 

. Aud i it would be faulty, if the two premiſes were 
particular propoſitions, but being conſidered as 
univerſal, this ſyllogiſin belongs to figure third, 
and the firſt mode of the form A. A. I. The in- 

dividual idea of Voltaire is the mean term, which 
is the ſubje& of both im Hor and minor ; z and this 

18 the character of figure third. 
X. Finally, I mo{ remark, that hitherto ! bare 
ſpoken only of {2//e propeſitions, which contain 
only two notions, che one of which is affirmed or 
EEE Se denied, 
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denied, univerſally, or particularly. With reſpect 
to compound propoſitions, logic preſcribes * 
rules. 


34 March, 1761. 
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; 2 betical Propef ftions, and S pllogiſms imad of 


z hem. 


XX TE have, hitherto, confdered 40150 propoſi- 
: tions only, or ſuch as contain but two no- 
thens. the one of which 1 is the ſubject, the other 


the predicate. Theſe propoſitions can form no 


other ſyllogiſms, except thoſe which I have laid 
before you, and which are contained in the four 

5 figures above explained. But we, likewiſe, fre- 
quently employ compound Propoſi tions, which con- 

| tain more than two notions, and reſpecting which 
other rules are to be obſerved, in order to deduce 


5 fair concluſions from them, 


Of theſe compound propoſitions, the moſt com- 
mon are thoſe which are called hypothetical, or con- 


ditional, which contain two | complete propokdons, 
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1 with an affirmation, that, if the one is true, the other 
7s jo likewiſe ; the following is an example of a con- 
ditional propoſition : — 
If the Gazette ſpeaks truth, peace i is not very 

diſtant. 
Here are two propoſitions, the firſt, the Gan 
| ſpeaks truth, or, the Gazette is true : and the other, 
peace is not very di fant, or peace is approaching. 
Now, theſe two propoſitions muſt be connected 
together in ſuch a manner, that if the firſt is true, 
the ſecond is ſo likewiſe ;-or, it is maintained, that 
the ſecond propoſition i is a neceſſary conſequence | 
of the firſt, ſo that the former cannot be true, 
without eſtabliſming the truth of the other allo... 
£7 Suppoſing , then, that the Gazettes announce the 
approach of peace, we are warranted in laying, 
that, if the Gazetres are True, peace muſt be at hand. 
Without this condition, ſuch a propoſition leads 
to nothing : but if this condition is complied with, 
then with the addition of ſome other propoſition, 
there are two ways of drawing a concluſion from 
it: 1ſt, when ſome perſon aſſures us, that the Ga- 
zelle ſpeaks truth; for, hence we conclude, that 
peace is near : 2d. when we are told, that peace 16 
ill very 4. 1 Y then we make no heſitation in 
thence * concluding, that the Gazelle does not ſpeak 
truth. | 
You lee that theſe two concluſions are general, 
| and 
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and give two forms of hypothetical, or conditional, 
iyllogiſms, which may be thus repreſented : 
V 
If A 1s B, CW rr Bs D; 
But A 1s B: 
Therefore Cc 15 D. 
| Second Form. 
If A 18 B, C will zz D; 
But C15 vor D: 5 
Therefore A Is xor B. 

Theſe two are the only juſt concluſions ; ; and 
you muſt be carefully on your guard againſt the 
fallacy of the two following forms : 

Firſt erroneous Ferm. = 
If A is B, C WILL BE D; 
But A IS NOT B: 


Therefore C IS NOT D. 
Second erroneous Form. = 


If A 1s B, C WILL BE D; 
But C- IS D: 
Therefore A 1s B. 
Theſe are both 8 In the example ad- 
duced, 1 ſhould reaſon nconcluſively, i if I argued 
in this manner: - 
If THE GAZETTE SPEAKS TRUTH, PEACE 
IS APPROACHING ; 'E | 
But THE GAZETTE DOES NOT SPEAK TRUTH: 
"Therefore PEACE Is NOT APPROACHING. 


It is, undoubtedly, true, that the Gazette may not 
A | ſpeak 


- 
— en en ond 
_ 
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ſpeak oth; everthilef; it is very poſſible that 
peace may be approaching. 
The other form is equally erroneous ; 
If THE GAZETTE 18 TRUE, PEACE Ar- 
PROACHES; 
But PEACE APPROACHES : 


Therefore THE GAZETTE IS TRUE. 

Let us ſuppoſe, that this conſolatory truth, peace 
approaches, were revealed to us, ſo as to be put 
beyond the poſſibility of doubt, it would by no 
means follow that Gazettes are true, or that they 


never contain untruths. x hope, at leaſt, that 


peace is at hand, though Jam very far from put- 
ting confidence 1 in the truth of Gazettes. 


Theſe two laſt forms of ſyllogiſms, therefore, 
are fallacious; but the two preceding are certainly 


good, and never lead 1 into error, provided that the 
firſt conditional propoſition is true, or that the laſt 
part be a neceſſary conſequence of the firſt. 


Of this conditional propofition : 
"WA is B, C will be D. 


IT. he firſt part, Ai is B, 1s called the antecedent, and 


the other, C will be D, the conſequent. Logic pre- 
ſcribes the two following rules to direct us in this 


| my of reaſoning : 


I. IV boever admits the autecedent, muſt likewiſe 2 8 


Nit the conſequent. 


II. V. hoever denies, or rejedts, / be 4 onfequent, » 17 uf | 


likewi fe deny, or rejeet, the antecedent. 


But 
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But you may very well deny the antecedent wich- 
out denying the conſequent, and likewiſe admit 
the conſequent without admitting the antecedent. 
There are ſtill other compound propoſitions, of 
which alſo ſyllogiſms may be formed. It will, 
perhaps, be ſufficient to produce a — example. 
Having this propoſition: 5 
Every ſubſtance 1 is body or ſpirit : | 
tbe concluſion will run in the following manner : : 
I. But Such a ſubſtance i is not body; 
Therefore It is ſpirit. 

II. But But ſuch a ſubſtance is body; 3 
Therefore It i is not ſpirit. 85 

But it is entirely unneceſſary to detain you lon- 
ger on this ſubject. 


ib March, 1761, 
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Of the irh of Senſations on the Soul: 


CANIN G endeavoured to Un the prin- 
ciples of logic, whoſe object it is to lay down 


infallible rules for right reaſoning,” 1 muſt ſtill de- 


tain you a little longer on the ſubject of ideas. 


We, undoubtedly, derive them, in the firſt 1 in- 


ſtance, from real objects, which ſtrike our ſenſes ; 3 
and as far as they are ſtruck with any object, a 


” ſenſation correſponding 15 thereby excited | in the 
ſoul. Not only do the ſenſes repreſent to the ſoul 
: the idea of that object, but they give it full aſſur- 5 


ance of its exiſtence, out of us; and it is of im- 


portance to remark, that the ſenſation 1 18 not indif- a 


ferent to the ſoul, but always accompanied with 


ſome pleaſure, or diſguſt, to a Seer or leſs de- 


5 gree. f 


Now, having once acquired, through this me- 


dium, the idea of any object, the ſoul loſes i It not 
when the object ceaſes to act on our ſenſes; it is 


only the ſenſation, by which the ſoul i 18 agreeably, 5 


or diſagreeably affected, that is loſt; but it ſtill 
preſerves the idea of the object itſelf. Not that the 
idea is ever preſent to it, or that it continually 


cheriſhes ſuch idea in thought; but it poſſeſſes 
. 
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the power of awakening, or recalling, the idea, at 
pleaſure. 
This faculty of the ſoul, by which it is enabled 
to recollect ideas once perceived, is called remi- 
niſcence, which contains the ſource of memory. 
| Deprived of the power of recalling paſt ideas, that 
of perceiving would anſwer little or no purpoſe; 
if we loſt, every moment, the recollection of ideas 
once perceived, we ſhould always be in the ſtate of 
new-born infants, that f is, in a ſtate of the moſt 
| profound i ignorance. - Reminiſcence, then, is the 
' moſt precious gift which the Creator has beſtowed 


CE on the ſoul of man, and here its ſpirituality ſhines 


in the brighteſt luſtre ; for, by means of this fa- 
culty, the foul gradually riſes to the attainment of 
knowledge the moſt ſablime. 9 
But though recollected ideas repreſent to us the | 
fame objects which perceived ideas do, they differ 
from them, however, in this, that they are not ac- 


5 companied with the ſenſa ation, nor with the con- 
4 viction, that the objects really « exiſt. If you have 


once been ſpectator of a conflagration, you can re- 

1 cal the idea of it whenever you will, without 1 ima- 
15 gining, however, that there really 15 one. It is 
even poſſible, that for a very long time, you may 
not have thought of ſuch a conflagration, but 
without baving loſt the Powers of recalling the idea 
of it. 
Aeg the fame with reſpect to all the ideas which 

4 „ we 
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we have once perceived; but it frequently hap- 
pens, that we loſe, almoſt entirely, the recollec- 
tion, or, in other words, forget them. We remark, 
nevertheleſs, a very great difference between ideas 
forgotten, and ideas wholly unknown, or ſuch as 
we never had. With reſpec to the firſt, as ſoon 
as the ſame object preſents itſelf afrefh to our ſenſes, 


we much more eaſily catch the idea of it, and we 


recollect perfectly, that it is the ſame which we had 
forgotten : this would not be the caſe had we ne 
ver poſſeſſed 1 0 3 


It is here the materialiſts boaſt af having found 


-Þ demonſtration of their opinions. They conclude . 


from it, that it is extremely clear, the ſoul is no- 
- thing elſe but a ſubtile matter, on which external 
objects are capable of making fone flight impreſ- i” 
ſion, by means of the ſenſes : that this impreſſion 
1s nothing elſe but the idea of the objects; and 
that as long as it remains, the recollection is pre- 
ſerved; but that we forget! it, when the impreſſion | 
15 totally effaced. 6. 
If this reaſoning were ſolid, ideas muſt neceſſarily | 
remain always preſent with us, till we forgot them; 


| this, however, 1s not the caſe; for we recall them : 


when we pleaſe; and if the impreſſion were ef. 
faced. how could matter recollect, that it formerly : 
had that impreſſion, on receiving It afreſh ? ? And, 

though it be very certain, that the action of ob- 
jects, on the ſenſes, produces ſome change 1 in the 


brain ; ; 
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brain ; this change is very different from the idea 
which is occaſioned by it; and the ſentiment of 


pleaſure, or diſguſt, as well as the judgment re- 


ſpecting the object itſelf, which cauſed this im- 


preſſion, equally require a being wholly different 
from matter, and endowed with qualities of quite | 


a different nature. 


Our advances 1 in knowledge are not limited 
jdeas perceived : the ſame ideas, recollected in the 
memory, form for us, by abſtraction, general ideas 
of them, which contain, at once, a great number 
of individual ideas; and how many abſtract ideas 
do we form, reſpecting the qualities and accidents 

of objects, which have no relation to any thing 
corporeal, ſuch as the notions of virtue, of wiſ- ; 


dom, &c.? 


This, after all, refers only to the e 8 
which comprehends but a part of the faculties of 
the ſoul; the other part is not leſs extenſive, 
namely, the will and liberty, on which depend all 
our reſolutions and actions. There | 1s nothing in 
the body relative to this quality, by which the ſoul 
freely determines itſelf to certain actions, even af 
ier mature deliberation. * pays regard to mo- 
2 tives, without being forced to ſubmit to their in · 
fluence; and liberty 1 is {0 eſſential to it, as well as 
to all ſpirits, that it would be as impoffible to ima- 
bine a ſpirit vithout liberty, as a OT without 
TE — : extenſion. - 
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extenſion. God himſelf could not diveſt a ſpirit 
of this eſſential property. 

It is by this, accordingly, that we are enabled 
to ſolve all the perplexing queſtions reſpecting the 
drigin of evil, the permiſſion of ſin, and the exiſt- 

ence of all the calamities by which the world is 
8 their great and only. ſource is human 
liberty. 


10th March, 1761. 


f TER CK. 

2 he Origin, and Permifion, of Bri; and of Si. 
HE origin, and n of _ in 7 
world, is an article which has, in all ages, 


l perplexed theologians and philoſophers. 
To believe that God, a Being ſupremely good, 


1 ſhould have created chis world, and to lee it over- i 


whelmed with ſuch variety of evil, appears ſo con- 


tradictory, that ſome found themſelves reduced to 
the neceſſity of admitting two principles, the one 
ſupremely good, the other ſupremely evil. This 
was the opinion entertained by the ancient here- 
tics, known in hiſtory by the name of Manicheans ; 5 
who, ſeeing no other way of accounting for the 
origin 
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origin of evil, were reduced to this extremity. 
Though the queſtion be exceedingly complicated, 
this ſingle remark, that liberty is a quality eſſential 
to ſpirits, diſpels, at once, a great part of the diffi- 
culties, which would otherwiſe be inſurmountable. 
In truth, when God had created man, it was too 
late to prevent fin, his liberty being ſuſceptible of 
no conſtraint. But, I ſhall be told, i it would have 
been better not to create ſuch and ſuch men, or 
G ſpirits, who, as God muſt have foreſeen, would 
abuſe their liberty, and plunge into fin. I ſhould 
deem it rather raſh to enter upon this diſcuffon, 
and to pretend to judge of the choice which God 
might have been able to make, i in creating ſpirits; 
and, perhaps, the plan of the univerſe required the 
exiſtence of ſpirits of every poſſible deſcription. 
And, in fact, when we reflect, that not only our 
earth, but all the planets, are the habitations f 
rational beings ; 3 and that even all the fixed ftars 
are ſuns, each of which may have around ita fyſ- 
tem of planets, likewiſe habitable, it 18 clear, that - 
| the number of all the beings endowed with reaſon, 
which have exiſted, which do exiſt, and which 
= ſball exiſt, in the whole univerſe, muſt be infinite. 7 
K. therefore, unpardonable preſumption to 
Adee, that God ought not to have granted exiſt- 
ence to a great number of ſpirits; and the very 
perſons, who thus reproach their Maker, would 
certainly not wiſh to be of the number of thoſe to 
whom 


2 heart, and it muſt always be their own fauls, 
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whom exiſtence was denied. This firſt objection, 
then, is ſufficiently done away; and it is no way 
inconſiſtent with the Divine perfections, that ex- 
iſtence has been beſtowed on all ſpirits, good and 
bad, -- En 
It is, next, alleged, that the miſchievouſneſs of 
ſpirits, or reaſonable beings, ought to have been 
repreſſed by the divine Omnipotence. On this 1 
remark, that liberty is ſo eſſential to all ſpirits, as 
to be beyond all power of conſtraint; the only me 
f thod of governing ſpirits confiſts in the uſe of mo- 
tives, to diſpoſe them to what 1 is good, and to diſ- 
a ſuade them from evil; but, in this reſpect, we find 
not the ſlighteſt ground of complaint. The moſt 
powerful motives have, undoubtedly, been pro- 
poſed to all ſpirits, to incline them to good, theſe 
motives being founded on their own falvation ; 
but they by no means employ conſtraint, for this 
would be contrary to their nature, and in all re- 
pow impoſſible. 1 
However wicked men may by, it never can ba 5 
in their power to excuſe themſelves, from igno- 
rance of the motives which would have prompted = 


- them to good: the divine law, which conſtantly 3 


aims at their everlaſting happineſs, is engraven on 


N chey plunge into evil. Religion diſcovers to us, 


likewiſe, ſo many other means which God employs 
to reclaim us from our wanderings, that, on this 
fide, 
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fide, we may reſt confidently aſſured, that God 
has omitted nothing which could have prevented 


the malignant exploſions of men, and of other rea- 


ſonable beings. 
But thoſe- Who bewilder themſelves in ſuch 
doubts, reſpecting the origin, and the permiſſion, 


of evil in the world, perpetually confound the cor- 
| poreal with the { piritual world ; they i imagine that 
ſpirits are, as bodies, ſuſceptible of conſtraint. 
Severe eee is, frequently, capable of pre- 5 
venting, among the children of a family, the ſol- 
diers of: an army, or the inhabitants of a city, the 
open eruption of p erverſe diſpoſitions ; but it muſt 
= carefully remarked, that this conſtraint extends 


only to what is corporeal; I in no reſpe®, r 


ftrains the ſpirit from being as vicious, and as ma- 
lignant, as 5 if it enjoyed the moſt unbounded bo: 


cence. 


Human governments muſt reſt contented with 
this exterior, or apparent, tranquility, and gire : 
themſelves little trouble about the real diſpoſitions = 
of men's minds; but, before God, the thoughts 
all lie open, and perverſe inclinations, however 
concealed from men, are as abominable in his 


ſight, as if they had broke out into the moſt atro- 


cious actions. Men ſuffer themſclves to be daz- 
zled by falſe appearances z but God has reſpect to 


the real Ciſpoſitions of every ſpirit, accor Jing as 
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they are virtuous, or vicious, independently of tlie 


actions which flow from them. 


The Holy Scriptures contain, to this parpole, 


the moſt pointed declarations, and inform us, 
that he who meditates only the deſtruction of his 
_ neighbour, ſuffering himſelf to be hurried away 


by a ſpirit of hatred, is as criminal, in the fight of 


God, as the actual murderer; and that he wo 
indulges a covetous defire of another's property 
is, in his eſtimation, as much a thief, as he who | 

really ſteals. 


la this reſpect, therefore, the government „ 


- God over ſpirits, or rational beings, is infinitely 
different from that which men exerciſe over men 
like themſelves ; and we greatly err, if we ima- 

gine, that a government, which appears the beſt 

in the eyes of 1 men, 1s really ſo in the judgment of 

” God. This is a reflection of which we ought ne- _ 
| ver to loſe ſight. | 


2 110 March, 1761. 
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LETTER CXI. 


-\Df. e and Peel Evil. 

7 HEN complaint is awe of the evil which 
Y prevails in the world, a diſtribution of 
; chem into two claſſes takes place: moral evils and 
phyſical evils. The claſs of moral evils contains 
the perverſe, or vicious, inclinations, the diſpoſi- 
tions of ſpirits, to what is evil, or criminal, which 
is, undoubtedly, the moſt grievous calamity and 
the greateſt imperfection which can exiſt. 
In truth, with regard to ſpirits, it is impoſſible 5 
to conceive a more deplorable irregularity, chan 

when they deviate from the eternal laws of virtue, 
and abandon themſelves to the commiſſion of vice. 
Virtue 1s the only means of rendering a ſpirit 
. happy ; to beſtow felicity on a vicious ſpirit is be- 
- yond the power of God himſelf. Every ſpirit ad- 
dicted to vice is neceſſarily miſerable, and, unleſs 
it return to virtue, its miſery cannot come to an 
end: ſuch is the idea 1 form of demons, of 
wicked and infernal ſpirits; ; an idea which, to me, 
appears conſon 2ant to what 3 ſogg elts on 
the ſubject. — — 15 
Infidels make a jeſt of this ; , but as men cannot 


pretend to be the beſt of all rational beings, neither 
can 


1 
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can they boaſt of being the moſt wicked; there are, 


_ undoubtedly, beings much more depraved than 
the moſt malignant of mankind, ſuch as devils. 


But I have already made it appear, that the exiſt- 


ence of ſo many corrupted men and ſpirits, ought 
not to form any objection againſt the pertectionof 
this world, much leſs be conſidered as an ons ee 
tion on the Supreme Being. 


A ſpirit. the devil not excepted, is always a be- 


ing, excellent, and infinitely ſuperior to every 
thing | that can be conceived in the corporeal world ; 


and this world, as far as it contains an infinite 


number of ſpirits, of all orders, 1s always a work 
of the bigheſt perfection. : Now, all ſpirits being 
: eſſentially free, criminality was poſſible from the 
commencement of their exiſtence, and could not 
be prevented even by the divine Omnipotence. 
Beſides, ſpirits are the authors of the evils which 
5 neceſſarily reſult from fin, every free agent being - 
always the only author of the evil which he com- 
= e and, conſequently, theſe evils cannot be 
imputed to the Creator ; as among men, the work- 
man who makes the ſword, is not reſponſible for 
the miſchief chat is done with it. Thus, with re- 
ſpect to the moral evils which prevail in the 


world, the lov creign Goodneſs of God 1 is ſufficiently 5 
juſtified. E 


The other claſs, that of phyſical evils, contains 


all the calamities and miſeries to which men are 


Expoſed 
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expoſed in this world. It is admitted, that moſt 


of theſe are a neceſſary conſequence of the malice, 
and other vicious propenſities, with which men, as 
well as other ſpirits, are infected; but as theſe 
conſequences are communicated by means of bo- 


dies, it is aſked, Why God ſhould permit to 


wicked ſpirits, the power of acting ſo efficaciouſſy 
on bodies, and of employing them as inſtruments 


to execute their pernicious purpoſes? A father, who 


ſaw his ſon on the point of. committing a murder, 
would ſnatch the ſword out of his hand, and pre- | 
vent the perpetration of a crime ſo heinous. I 
have already obſerved, that this abandoned ſon i is 
equally guilty before God, whether he has actually 
accompliſhed his deſign, or only made ineffectual 
efforts to execute it, and the father, who prevented h 


p him, does not thereby render him better. 


We may, nevertheleſs, confidently maintain, 
that God does not permit a free courſe to the 
vwickedneſs of man. Did nothing reſiſt the exe- 
cution of all the pernicious purpoſes of the human 
heart, how miſerable ſhould we be! We frequently 47 
ſee, that the wicked have gr eat difficulties to en⸗ 
| counter, and though they ſhould ſucceed, they 
| have no power over the conſequences of their ac- 


tions, which always depend on ſo many other, cir- 


cumſtances, that, in the iſſue, they produce the 


directly oppoſite effect from what was intended. It 


cannot be denied, at the ſame time, that there may 


Yor 1. — Þ- reſult 
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reſult from theſe, calamities and miſeries to tor- 
ment mankind; and it is imagined, that the 


world would be; infinitely better governed, were 
God to interpoſe an effectual reſtraint to che wick - 


edneſs and audacity of men. 5 
It would, undoubtedly, be very caly for God 


ta cruſh to death a tyrant, before he could realize 
his cruel and oppreſſive deſigns, or to ſtrike dumb 


an unjuſt judge, who was going to pronounce 1 
iniquitous ſentence. We might then live quietly, 
and enjoy all the comforts of life, ſuppoſing God 
were to grant us the bleſſing of health, and all the 


good things we could wiſh for: our happineſs | 


would' thus be perfect. On this plan they would 


have the world governed, in order to render us all 
happy: the wicked diſabled to perpetrate their cri- 
minal purpoſes, and the good in poſſeſſion of the 


peaceful enjoyi ment: of all the bleſſings which they ” 


can defire. ET 


It is believed, and wich 1 reaſon, that God 


wiſhes the happineſs of men, and it is matter of 


: ſurprize, that this world ſhould be fo different 


from the plan which! 1s imagined the moſt proper, 


for the attainment of this end. We rather ſee the 


wicked frequently enjoying, not only all the ad- 


vrantages of this life, but put in a condition to exe- 
cute their machinations, to the confuſion and di- 
55 ſtreſs of perſons of worth; while the good are op- 


preſſed and oy eryhelmed by the moſt ſenſible evils, 


Pains, 
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N pains, diſeaſes, mortifications, loſs of goods, and, 
in general, by every ſpecies of calamity ; and that, 
at laſt, the good, as well as the bad, muſt infallibly 
die, which appears to be the greateſt of all evils. 

_ Looking on the world in this point of view; one 
is tempted to call in queſtion the ſupreme wiſdom 


and goodneſs of the Creator ; but it is a hazard 


which we muſt take great care to ſhun. 


17th March, p36t- 


LETTER cxll. 


* 


7b. to cpr, of the Eniftnce f phyſical Evil. 


this world, and the enjoyment of every delight, 


would be very far from filling up the meaſure of 
our bappineſs. All are agreed, that true felicity | 
conſiſts in mental tranquility and ſatisfaction, 
which are ſeldom, 1 ever, accompanied with that 

brilliancy of condition, which! is conſidered as ſuch : 

an ineſtimable bleſſing, by thoſe who judge only 5 


from appearances. 


The inſufficiency of temporal good things, to 


render us happy, becomes ſtill more manifeſt, 
Kk EE 


( UPPOSING our exiſicncs limited to the pre- ” 
| ſent life, the poſſeſſion of the good things of 
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when we come to reflect on our real deſtination. 
Death does not put a period to our exiſtence, it 
rather tranſmits us into another life, which is to 
endure for ever. The faculties of our ſoul, and 
our attainments in knowledge, will then, no doubt, 
be carried to the higheſt perfection; and it is on 
this new ſtate that our real happineſs depends, and 
this ſtate cannot be happy without virtue. 
The infinite perfections of the Supreme Being, 
Which we now perceive only as through a thick 

cloud, ſhall then ſhine in the brighteſt luſtre, and 

ſhall become the principal object of our contem- 

plation, admiration, adoration. There, not only 

ſhall our underſtanding find the moſt inexhauſtible : 


ſtores of pure and perfect Knowledge, but we ſhall 


be permitted to hope for admiſſion into favour with 


the Supreme Being, and to aſpire after the moſt 


endearing expreſſi ons of his love. How happy do 

vue reckon the peculiar favourites of a great prince, 

| eſpecially if he is really great, though the favours 
which he beſtows are marred by many infuſions of 
bitterneſs? What will it then be, in the life * 
come, when God himſelf ſhall ſhed abroad his love 

in our hearts, a love the effects of which ſhall never 
be interrupted, nor deſtroyed! This ſhall, thence- 
forward, conſtitute a felicity infinitely ſurpaſſing i 
all that we can conceive. | 
In order to a participation of theſe 8 

favours, flowing from the love of the Supreme 
| Jeng 
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Being, it is natural, that, on our part, we ſhould 


be penetrated with ſentiments of the moſt lively 


affection to him. This bleſſed union abſolutely 


requires, in us, a certain diſpoſition, without 
which we ſhould be incapable of participating in 


it; and this diſpoſition conſiſts in virtue, the baſis 
of which is the love of God, and that of our : 
_ neighbour. The attainment of virtue, then, 
ſhould be our chief, our only object in this life, 
where we exiſt but for this end, to prepare for, 
and to render ourſelves vorthy of partaking i in 


ſu preme : and eternal felicity. 


In this point of view, we muſt form a Judgment 
of the events which befal us in this life. It is not 
the poſſeſſion of the good things of this world that ” 

renders us happy; it is rather, a ſituation which 

— moſt effectually conducts to virtue. If pr oſperity 

. were the certain means of rendering us happy, we 

might be ſuffered to complain of adverſity; but 
adverſity may rather have the effect of confirming 

T our virtue, and, in this view, all the complaints 6E 

men, reſpecting the phyſical evils of _ are, like- 5 


wiſe, completely done away. 


: You have no difficulty, then, in ; comprehend- 
ing, that God had the moſt ſolid reaſons for ad- 
mitting into the world ſo many calamities and mi- 


ſeries, as the whole obviouſly contributes to our 


ſalvation. * unqueſtionably true, that theſe 
calamities are, for the moſt part, natural conſe- 
TE quences 
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quences of human corruption; but it is in this 
very thing, that we muſt principally admire the 
wiſdom of the Supreme Being, who knows how to 
over- rule the moſt vicious actions, for « our _ | 
happineſs. - 
Many good people would not haye reached ſack 
a ſublimity of virtue, had they not been apprefſed, 
and tormented, by cruelty and injuſtice. 955 
1 have already remarked, that bad actions are 
fuch, only with regard to thoſe who commit them: 


the determination of their ſoul alone is criminal, 


the action itſelf being a ching purely corporeal, in 
as much as, conſidered independently of the perſon ; 
who commits it, there 15 nothing, either good or 
; evil, in the caſe. A maſon falling from the roof 
of a houſe upon a man, as certainly kills him as the 
moſt determined aſſaſſin. The action, is abſolutely 
the ſame; but the maſon is not guilty in the 
lighteſt degree; whereas che aſſaſſin deſerves the 
ſevereſt puniſhment. | Thus, however criminal ac: 


tions may be, with regard to thoſe who commit 


them, we muſt conſider them i in quite a different 


light as they affect ourſelves, or produce an influ- 1 f 


ence on our ſituation. 
We ought, therefore, to reflect, that nothing 


8 can befall us, but what is perfectly conſonant to 


the ſovereign wiſdom of God. The wicked may 
be guilty. of injuſtice towards us, but we cannot, 
upon the whole, ſuffer from It; no one can ever 


urg 
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injure us, though he may greatly hurt himſelf; 
and, in every thing that comes to paſs, we ought 
always to acknowledge God, as if it befel us, im- 
mediately, by his expreſs appointment. We may, 
moreover, reſt aſſured, that it is not from caprice, 
or merely to vex us, that God diſpoſes the events 
in which we are concerned, but that they muſt in- 
fallibly terminate in our true happineſs. Thoſe 
who conſider all events in this light, will ſoon have 
the ſatisfaction of being convinced, that God exer- 
ciſes a e care over them. 5 - 


LETTER Cx 


| The al Defnatin of Man : ; 5 fulneſs and Nach 5 
i 3 ity of Ado 45. 


HOPE you have no 8 remaining, with | 
reſpe& to this great queſtion : : How the evils 

of this world can be reconciled to the ſupreme : 
wiſdom and goodneſs | of the Creator ? The ſqglu- 
tion of it is inconteſtably founded, on the real deſ- 
tination of man, and of other intelligent beings, 
whole exiſtence 1 1s not limited to this life. The 
K+ moment 
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moment that we loſe ſight of this important truth, 
we find ourſelves involved in the greateſt per- 
plexity, and if man were created only for this 
life, it would, aſſuredly, be impoſſible to eſtabliſh 
a conſiſtency between the perfections of God, and 
the diſtreſſes and miſeries with which this world 
is oppreſſed. Thoſe miſeries would be but too 
real; 2 and i it were abſolutely impoſſible to explain, 5 
How the proſperity of the wicked, and the miſery 
of ſo many good people, could conſiſt with the 
divine Juſtice. | 
But no ſooner do we reflect, chat this life i is bur 11 5 
the. commencement of our exiſtence, and that it is 
ſerving as a Preparation for one that ſhall endure | 
eternally, the face of things 1 18 entirely changed, n 
: and we are obliged to form a very different judg- 
ment of the evils with which this life appears to be 
overſpread. 1 have already remarked, that the 
proſperity which we enjoy in this world, is the re- 
verſe of a ſuitable preparation for a future life, and 
for rendering us worthy of the felicity which there 
awaits us. However important to our happineſs, : 
the poſſeſſion of the good things of this world may 


appear, this quality pertains to them, only in ſo 
far as they are impreſſed with the ſignatures of di- 


vine goodneſs, independent of which no earthly 
poſſeſſions could conſtitute our felicity. 
— happineſs 1 is to be found only in God bims = 
| ſelf; all other delights a are but an a empty ſhade, and 

are 
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are capable of yielding | only a momentary ſa- 
tisfaction. Accordingly we ſee, that thoſe who 


enjoy them in the greateſt abundance are quickly 


ſatiated; and this apparent felicity ſerves only to 


inflame their deſires, and to diſorder their paſſions, 


by eſtranging them from the Supreme Good, in- 
Read of bringing them nearer to Him. But true 


felicity conſiſts in a perfect union with God, which 
cannot ſubſiſt, without a love, and a confidence 
in his goodneſs, tranſcending all things: and this 


love requires a certain diſpoſition of ſoul, for 
which we muſt be making preparation in this life. 


This diſpoſition is virtue, the foundation of 


which is contained in theſe two great precepts : 


' Thou ſhalt love the Lord thy God with all thy 


| heart, with all thy foul, with all thy Arength, 
and with all thy mind; 
and the other, which is like unto it: 


Thon ſhalt love thy nei our as thyſelf. 


Every other diſpoſition of ſoul, which deviates 


from theſe two precepts, 15 vicious, and abſolutely 


p unworthy to partake of true happineſs. It is as 
impoſſible for a vicious man to enjoy happineſs i in 


the life to come, as for a deaf man to reliſh the 
pleaſure of an exquiſite piece of muſic. He muſt 


be for ever excluded from it, not by an arbitrary 
decree of God, but by the very nature of the 
thing; 52 vicious man not being, from his own na- 


ture, ſuſceptible of ſupreme felicity. 


If 
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If we conſider the order and economy of the 
world, in this point of view, nothing can be more 
perfectly diſpoſed for the attainment of this great 


end. All events, the calamities themſelves which 
we undergo, are the moſt ſuitable means for con- 
ducting us to true happineſs : and, in this reſpect, 
it may be with truth affirmed, that this 1 is, indeed, 


the beſt world poſſible, as every thing in it concurs 


to promote our eternal ſalvation. When ! reflect, 
that nothing befals me by chance; but that every 
event is directed by Providence, in the view of 

rendering me truly, and everlaſtingly, happy, how 

ought this conſideration to raiſe my thoughts to 


God, and ro repleniſh my ſoul with the pureſt af- 


Z fection . 


But, however ous theſ: means may be in 


themſelves, they exerciſe no force upon our minds, 
to which liberty is ſo eſſential, that no degree of 


conſtraint can poſſibly take place. Experience, 


5 accordingly, frequently demonſtrates, that our at- 
tachment to the objects of ſenſe renders us too vi- 
cious to liſten to theſe ſalutary admonitions. 
Abuſe of the means, which would have improved 


our virtue, plunges us deeper and deeper into vice, 
and hurries us aſide from the only path that leads 


to happineſs. 175 


3 


LETTER 
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LETTER CXIV. 


WP. true Hane. i e 701 of Sinners, Reply to 


ObjeBions on the Subject. 


HE 100 life of the apoſiles, and of the other 


primitive chriſtians, appears to me an ir- 


reſittible proof of the truth of the Chriſtian reli- 


gion. If true happineſs conſiſts | in union with the 


2 Supreme Being, which it is impoſſible for a mo- 
ment to doubt, the enjoyment of this happineſs 
neceffarily requires, on our part, a certain diſpoſi- 
tion, founded on ſupreme love to God, and the 


moſt perfect charity toward our neighbour, ſo that 


all thoſe, who are deſtitute of this diſpoſition, de- 
1 ſtroy their own pretenſions to celeſtial felicity; ; and 
wicked men are, from their very nature, neceſſarily 
excluded from it, it being impoſſible for God 
himſelf to render them happy. For the Divine 
: Omipotence extends only to chings which are in 
their nature poſſible, and liberty is ſo eſſential to 
ſpirits, that no degree of conſtraint Can take place 5 


with reſpect to them. 


It is only by motives, therefore, chat PEER can 


be determined to that which is good: now what 


motives could be propoſed to the apoſtles, and 
other diſciples, of Jeſus Chriſt, to embrace a virtu- 


ous 
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ous life, more powerful than the inſtructions of 


their divine Maſter, his miracles, his ſuffeaings, 


his death, and reſurrection, of which they were 


witneſſes. All theſe ſtriking events, united to a doc- 


trine the moſt ſublime, muſt have excited, in their 


; hearts, the moſt fevent love, and the moſt profound i 
veneration for God, whom they could not but con- 


ſider, and adore, as at once there heavenly Father, 


and the abſolute Lord of the whole univerſe. Theſe 


lively impreſſions muſt, neceſſarily, have ſtifled i in 


their breaſts every vicious propenſity, and have con- 
firmed them, more and "ons in che e practice of 
= virtue. 


This ſalutary effect on the minds of the apoſtles, 


| has nothing 1 in it, of itſelf, miraculous, or which 
encroaches, in the ſmalleſt degree, on their liberty, - 


though the events be ſupernatural. The great re- 


quiſite was, ſimply, a heart docile, and uncorrupt- 
Tr”. by vice and paſſion. The miſſion, then, of 


Jeſus Chriſt into the world, produced in the minds 


of the apoſtles, this diſpoſition, ſo neceſſary to the 
attainment, and the enjoyment, of ſupreme happi- 
neſs ; and that miſſion ſtill ſupplies the ſame mo- 
tives, to purſue the ſame end. We have only to 
read attentively, and without prejudice, the hiſtory 
of it, and ſeriouſly to meditate on all the events. 


1 confine myſelf to the ſalutary effects of our 


Saviour's miſſion, without preſuming to dive into 


the myſteries of the work of e our redemption, which 
infinitel7 
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infinitely tranſcend the powers of human under- 


ſtanding. I only remark, that theſe effects, of the 


truth of which we are convinced, by experience, 


could not be produced by illuſion, or human im- 
poſture; they are too ſalutary not to be divine. 
They are, likewiſe, perfectly i in harmony with the 
inconteſtable principles which we have laid down, 


that ſpirits can be governed only by motives. 


T0 heologians have maintained, and ſome ſtill 
maintain, that converſion is the immediate opera- f 
tion of God, without any co- operation on the part 

of man. They | imagine that an act of the Divine 
will is ſuffic ent to transform, in an inſtant, the 
greateſt miſcreant, into a virtuous man. Theſe 
good gentlemen may mean extremely well, and 
conſider themſelves as thus exalting the divine 
Omnipotence; but this ſentiment ſeems, to me, 
inconſiſtent with the juſtice and goodneſs of God, 
even though it were not ſubverſive of human li- 

: berty. How, it will with reaſon be faid, if a ſimple 
exertion of the divine Omnipotence | is ſufficient ” 
for the inſtantaneous converſion of every finner, | 

can 1 it be poſſible, that the decree ſhould not ac- = 
tually paſs, rather than leave ſo many thouſands 60 
= periſh, or employ the work of redemption, by . 
which, a part only of mankind 13 ſaved ? 1 ac- 
knowledge that this objection appears, to me, 
much more formidable, chan all thoſe which in- 
fidelity 
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fidelity raiſes againſt our holy religion, and which 
are tounded entirely in ignorance of the true deſti- 
nation of man ; but, bleſſed be God, it can have 
no place in the ſyſtem which I have taken the li 
berty to propoſe. 
Some divines will, perhaps, accuſe me : of hereſy, 
as if I were maintaining, that the power of man 
M ſufficient for his converſion ; but this reproach 
affects me not, as I am conſcious of intending to 
place the goodneſs of God in its cleareſt light. In 
the work of converſion, man makes perfect uſe of 
his liberty, which is unſuſceptible of conſtraint, but 
man 1s always determined by motives. Now, theſe 


motives are ſuggeſted by the circumſtances and 


conjunctures of his condition. 1 hey depend en- 
tirely on divine Providence, which regulates al! 

events, conformably to the laws. of fovereign wiſ- | 

dom. It i is God, therefore, who places men, every 


0 inſtant, in circumſtances the moſt favourable, and 


from which, they may derive motives the moſt 5 


powerful, to produce their converſion ; fo that | 
mamen are always indebted to God, for the means To 
= which promote their falvation. ET 


I have already remarked, that, however wicked 
the actions of men may be, they have no power 
over their conſequences, and that God, when he 
created the world, arranged che courſe of all events, 
ſo that every man ſhould be, every inſtant, placed 1 — 
circumſtances to him the moſt ſalutary. Happy the 
man 
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man who has wiſdom to turn en to good ac- 
count 
This conviction muſt operate in us the happieſt 
effects: unbounded love to God, with a firm reli- 
ance on his providence, and the pureſt charity to- 
ward our neighbour. This idea of the Supreme 
Being, as exalted, as it is conſolatory, ought to re- 
pleniſh our hearts with virtue the moſt ſublime, 


and AY" 5 us for che eee of ye 
* 
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LETTER XV. 


| The true e F NE 4 1 . Sources 


9 T; ruth, and Claſſes 4 mms der ved Nr 2 


ANG taken the liberty to ay bee you, = 
"x Ml my opinion, reſpecting the moſt important 

5 cle of human knowledge, I flatter myſelf, it will 

be ſufficient to diſſipate the doubts, which naturally) 
ariſe out of the ſubject, from want of exact ideas 
of the liberty of 6 
I ſhall now have the honour of 80 
Pour conſideration, the true foundation of all gur 


I 
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WM knowledge, and the means we have of being aſſur- 
| ed of the truth, and certainty of what we know: 
| We are very far from being always certain of the 
3 truth of all our ſentiments; for we are but too fre- 
| quently dazzled by appearances, ſometimes ex- 
* ceedingly ſlight, and whoſe falſehood we afterwards 
diſcover. As we are, therefore, continually i in dan- 
ger of deceiving ourſelves, a reaſonable man is 
bound to uſe every effort to avoid error, 1 8 
may not always be ſo happy as to ſucceed. 
The thing to be here chiefly conſidered, is ; the £3 
ſolidity of the proofs, on which we found our per- 
ſuaſion of any truth whatever, and it is abſolutely 
neceſſary, that we ſhould be in a condition to 
judge if they are ſufficient to convince us, or not. 
For this effe&, 1 remark, firſt, that all truths, 
within our reach, are referable to three claſſes, eſ- 
ſentially diſtinguill: ed from each other. 
The firſt, contains the truths of the ſenſes ; ; the 
0 ſecond, thoſe of the underſtanding ; and the third, e 
1 choſe of belief. Each of theſe claſſes requires pe- : 
dea proofs of the truths included in it, and in 
| theſe three claſſes, all human knowledge is com- 


| 5 

| prebended. | 3 

= Proof of the firſt oY are reducible. to me. 
S ſenſes, and are thus expreſſed :| — — 


This is true, for I ſaw 11, or am convinced of 6-0 
the evidence of my Lien 76 


It 
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It is thus, I know, that the magnet attracts iron, 
becauſe I ſee it, and experience furniſhes me with 
inconteſtable proofs of the fact. Truths of this 


claſs are called ſenſble, becauſe they are founded 


on the ſenſes, or on experience. 
Proofs of the ſecond claſs are founded 1 in ratio 
cination; thus: 


This is true, for I am able to etre it on pris. 


5 ciples of juſt reaſoning, or by fair Hllogiſins, 


To this claſs, principally, logic is to be referred, 
which preſcribes rules for reaſoning conſequentially. Es 
It is thus, we know, that the three angles of arec- 

tilineal triangle are, together, equal to two right 
angles. In this caſe, I do not ſay, 1 ſee it, or that 
my ſenſes convince me of it ; but I am aſſured of 
its truth, by a proceſs of reaſoning. Truths of this 
claſs are called intellectual, and here we muſt rank 
all the truths of geometry, and of the other 
ſciences, in as much as they are ſupported by de- 
monſtration. You muſt be ſenſible, that ſuch | 
truths are wholly different from thoſe of the firſt 
cClaſs, in ſupport of which, we adduce no other 

| proofs, but the ſenſes, or experience, which aſſure 

us, that the fact is ſo, though we may not know 5 

the cauſe of it. In the example of the magnet, N 

we do not know how the attraction of iron 1 
neceſſary effect of the nature of the magnet, and 

ol iron; but we are not the leſs convinced of the 

vor. 1 C 
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certain as thoſe of the ſecond, though the proofs 
which we have of them are entirely different. 

= I proceed to the third claſs of truths, that of 

fiith, which we believe, becauſe perſons worthy of 
credit relate them ; or when we can ſay: _ 
This is tr ue, for ſeveral. c1 editable Tm Jos af 
ured 10 of i. e 
This * accordingly, includes all biftorical 
trul hs. You believe, no doubt, that there was 
formerly a King of Macedon, called Alexander 
the Great, who made bimſelf maſter of the king- : 

: dom of Perſia, though you never ſaw him, and 
are unable to demonſtrate, geometrically, that 95 
ſuch a perſon ever exiſted. But we believe it on 1 
the authority of che authors, who have written 

bis hiſtory, and we entertain no doubt o their 
fidelity. But may it not be poſſible, that cheſe 
authois have concerted to deceive us? We e have 1 
| every reaſon to reject ſuch an inſinuation, and we | 

are as much convinced of the truth of theſe facts, = 

at leaft of a great part of chem, as of tuths of the 

firſt and ſecond clafſes. = ores 
The proofs 'of theſe three claſſes gf truths, are 1 
ee different; but if they are ſolid, each | in 

_ 40s kind, they muſt, equ. ly, produce conviction. 

You cannot poſabiy doubt, that Ruſſians and 
Auſſ trians Lave been at Berlin, though you did 


5 
N truth of the . Truths of the firſt claſs, are as 


---Nor - 
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not ſee them: this, then is, to you, a truth of the 


third claſs, as you believe it, on the report of 


others; : but, to me, it is one of the firſt claſs, 


| becauſe I ſaw them, and converſed with them, and 
as many others were afſured of their preſence, by 
means of other ſenſes. You have, nevertheleſs, = 


CEE conviction of the fact, as we have. 


3½ March, 1761. 
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